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INTRODUCTION

CIRCUM-PACIFIC MAP PROJECT

The Circum-Pacific Map Project is a cooperative 
international effort designed to show the relationship 
of known energy and mineral resources to the major 
geologic features of the Pacific basin and surrounding 
continental areas. Available geologic, mineral, and 
energy-resource data are being complemented by new, 
project-developed data sets such as magnetic 
lineations, seafloor mineral deposits, and seafloor 
sediment. Earth scientists representing some 180 
organizations from more than 40 Pacific-region 
countries are involved in this work.

Six overlapping equal-area regional maps at a 
scale of 1:10,000,000 form the cartographic base for 
the project: the four Circum-Pacific Quadrants 
(Northwest, Southwest, Southeast, and Northeast), and 
the Antarctic and Arctic Sheets. There is also a Pacific 
Basin Sheet at a scale of 1:17,000,000. Already 
published maps include the Base Map Series 
(published from 1977 to 1989), the Geographic Series 
(from 1977 to 1990), and the Geodynamic Series (from 
1984 to 1990); all of them include seven map sheets. 
Thematic map series in the process of completing 
publication include the Plate-Tectonic (publication 
initiated in 1981), Geologic (publication initiated in 
1983), Tectonic (publication initiated in 1989), 
Mineral-Resources (publication initiated in 1984), and 
Energy-Resources (publication initiated in 1986) 
Maps. Altogether, 60 map sheets are planned. The 
maps are prepared cooperatively by the Circum-Pacific 
Council for Energy and Mineral Resources and the U.S. 
Geological Survey. Maps published prior to mid-1990 
are available from the American Association of 
Petroleum Geologists (AAPG) Bookstore, P.O. Box 
979, Tulsa, Oklahoma 74101, U.S.A.; maps published 
from mid-1990 onward are available from the Branch 
of Distribution, USGS, Box 25286, Federal Center, 
Denver, Colorado 80225, U.S.A.

The Circum-Pacific Map Project is organized 
under six panels of geoscientists representing 
national earth-science organizations, universities, and 
natural-resource companies. The six panels correspond 
to the basic map areas. Current panel chairmen are 
Tomoyuki Moritani (Northwest Quadrant), R. Wallace 
Johnson (Southwest Quadrant), lan W. D. Dalziel 
(Antarctic Region), Jos6 Corvala"n D. (Southeast 
Quadrant), Kenneth J. Drummond (Northeast 
Quadrant), and George W. Moore (Arctic Region).

Project coordination and final cartography are 
being carried out through the cooperation of the Office 
of International Geology of the U.S. Geological 
Survey, under the direction of Map Project General 
Chairman George Gryc of Menlo Park, California, 
with the assistance of Warren O. Addicott, consultant. 
Project headquarters are located at 345 Middlefield 
Road, MS 952, Menlo Park, California 94025, U.SA. 
The framework for the Circum-Pacific Map Project was 
developed in 1973 by a specially convened group of 
12 North American geoscientists meeting in 
California. The project was officially launched at the 
First Circum-Pacific Conference on Energy and

geothermal localities but further assessments need to 
be made.

Mineral Resources, which met in Honolulu, 
Hawaii, in August 1974. Sponsors of the conference 
were the American Association of Petroleum 
Geologists (AAPG), Pacific Science Association 
(PSA), and the Coordinating Committee for Offshore 
Prospecting for Mineral Resources in Offshore Asian 
Areas (CCOP).

The Circum-Pacific Map Project operates as an 
activity of the Circum-Pacific Council for Energy and 
Mineral Resources, a nonprofit organization that 
promotes cooperation among Circum-Pacific countries 
in the study of energy and mineral resources of the 
Pacific basin. Founded by Michel T. Halbouty in 
1972, the Council also sponsors quadrennial 
conferences, topical symposia, scientific training 
seminars, and the publication of the Earth Science 
Series. Published thematic maps of the Southeast 
Quadrant include the Plate-Tectonic Map (Corvalan, 
1981), the Geologic Map (Corvalan, 1985), and the 
Geodynamic Map (CorvalSn, 1985).

ENERGY-RESOURCES MAP OF THE SOUTHEAST 
QUADRANT

The Energy-Resources Map of the Southeast 
Quadrant of the Circum-Pacific Region is the second in 
a series of six overlapping l:10,000,000-scale 
Energy-Resource Map Sheets. The Northeast Quadrant 
was published in 1986. Other maps in the series will 
be the Northwest and Southwest Quadrants, and the 
Antarctic, Arctic, and Pacific Basin Sheets.

The Energy-Resources Map Series is designed to 
be as factual as possible, with a minimum of 
interpretation. The small scale of the equal-area maps, 
1:10,000,000 (100 km/cm or 10,000 km2/cm2), 
requires great simplification of both the background 
information and the energy-resource data; hence, this 
map can only give a general impression of the 
distribution, character, and geologic environment of 
these resources. Nevertheless, it does provide a unified 
overview of the energy resources of the southeast 
Pacific region.

Information depicted on the two sheets of the 
Energy-Resources Map of the Southeast Quadrant 
includes a generalized geologic background, oil and 
gas fields, oil sand, oil shale, coal deposits, 
geothermal energy sites, hot springs, onshore basin 
isopachs, and sediment isopachs in ocean areas. Also 
depicted are generalized stratigraphic columns and 
cross sections for the major basins of the Southeast 
Quadrant.

The Energy-Resources Map of the Southeast 
Quadrant was prepared under the general direction of 
Panel Chairman Jos6 CorvalSn D., Servicio Nacional 
de Geologia y Miner fa, Santiago, Chile, plus the 
coordination of General Chairman George Gryc and the 
technical advice of Warren O. Addicott and Theresa R. 
Swint-JJci. The major compilation was carried out by 
Marcelo R. Yrigoyen, Trend Argentina, S.A., Buenos 
Aires, Argentina (formerly with Esso Exploration,



Inc., Buenos Aires, Argentina) with the assistance and 
advice of the Southeast Quadrant Panel members. For 
the overlap area with the Northeast Quadrant, 
information from the Energy-Resources Map of that 
quadrant, compiled by Kenneth J. Drummond, Mobil 
Oil of Canada, Calgary, Alberta, Canada, was used. 
Other principal investigators and sources of data are 
indicated in the references sections of the maps Sheet 
1, Resources, and Sheet 2, Sedimentary Basins, and in 
the references included herein. The Southeast Quadrant 
Panel is composed of the following members: Jose"

Corvalan D., Chairman, Chile; Marcelo R. Yrigoyen, 
Argentina; Anibal Gajardo, Eduardo Gonzdlez P., 
Alfredo Lahsen A., and Constantino Mpodozis, Chile; 
Joaqufn Buenaventura, Hermann Duque-Caro, and 
Fernando Etayo S., Colombia; Giovanni Rosania and 
Horacio Rueda, Ecuador; Victor R. Eyzaguirre, 
Gregorio Flores, Alfredo Pardo, and N6stor Teves, 
Peru; George E. Ericksen, United States; and Alirio 
Bellizzia, Emilio Herrero, and Nelly Pimentel, 
Venezuela.

GEOLOGIC SETTING

Following the guidelines of the Commission for 
the Geologic Map of the World for the Tectonic Map 
of South America (United Nations Educational, 
Scientific, and Cultural Organization (UNESCO), 
1978), the area covered by the Southeast Quadrant can 
be divided into three tectonic regions that differ in 
origin, age, and structural evolution (fig. 1). The 
oldest, the South American Platform, constitutes the 
entire central area and most of the eastern part of the 
continent. It includes all of Brazil, Paraguay, Uruguay, 
Guiana, French Guiana, and Surinam, as well as the 
central and southern regions of Venezuela, eastern 
Colombia, Ecuador, Peru, Bolivia, and the northern 
part of Argentina. It is an old platform in which the 
basement was consolidated during the end of the 
Precambrian and the Cambrian. It contains the only 
Archean rocks of the continent. Deposition of the 
sedimentary cover and the associated volcanic rocks 
started in the Silurian. These rocks are found mainly in 
the four great downwarps of Parand, Chaco, Amazon, 
and Parnaiba, as well as in the sedimentary prism 
flanking the Andes along the west margin of the 
platform. Smaller areas of sedimentation are found on 
the major shields where basement rocks of the 
platform crop out.

The Patagonian Platform is located entirely 
within Argentina and extends along the large 
continental-shelf margin. Younger in age, basement 
consolidation started in the middle part of the 
Paleozoic, but the platform was almost entirely 
masked by a volcanic-sedimentary cover developed 
from the Carboniferous onward.

These two platforms are bounded on the west by 
the large fold belt of the Andean Cordillera and the 
Caribbean Mountains, the latter developed on the 
northern edge of the South American Platform. These 
extensive belts show a persistent crustal mobility 
from at least late Precambrian until recent time. 
During the Phanerozoic, their polycyclic evolution 
occurred mostly over sialic crust.

The boundaries between these large tectonic 
regions are still poorly known partly due to 
insufficient geologic study but mainly owing to the 
Mesozoic and Cenozoic sedimentary cover. The 
Precambrian basement of the South American Platform 
is widely exposed in the Southeast Quadrant, both as 
large massifs and in smaller sporadic outcrops. The 
Patagonian Platform crops out in the North 
Patagonian, Deseado, and Malvinas (Falkland) Islands 
massifs, with extensions in the Dungeness Arch and

even in the Eastern Patagonian Ridge, both 
extensions beneath the Argentine epicontinental sea. 
The Patagonian Platform basement is composed of 
metamorphic rocks and sediments of late Precambrian 
and early Paleozoic age, as well as Precambrian, 
Permian, and Triassic extrusive rocks and late 
Paleozoic granitic intrusive rocks. Several subsiding 
stages with resultant continental and marine 
sedimentation took place from the early Mesozoic 
until the tectonomagmatic reactivation in the Late 
Jurassic. Since then, large areas of the Patagonian 
Platform appear as molassic forebasins of relative 
tectonic stability that were modified only by 
epeirogenic movements and strong Cenozoic mafic 
volcanism.

The third great constituent of the continent is the 
Andean Cordillera and the Caribbean Mountains, 
where remnants of metasedimentary and metavolcanic 
rocks of polyphase evolution are assigned to the late 
Precambrian. The folded belt of the Andean Cordillera 
developed over a rifted continental margin during the 
final stages of the Precambrian (and into the 
Cambrian) with partial remobilization of the older 
terrain, including that of the Trans-Amazonian Cycle 
(2000 Ma). The elongated Andean Ranges show strong 
Paleozoic and Mesozoic structures with dominant 
Cenozoic tectonism accompanied by significant 
intrusive and volcanic episodes.

In the Caribbean Mountains, which developed 
during terrane accretion, extensive late Mesozoic and 
Cenozoic sedimentation took place between blocks of 
submarine ophiolitic volcanic rocks. Andean 
tectonism was the dominant feature during Neogene 
molassic deposition in the intermontane troughs. 
Terrane accretion and sedimentation were accompanied 
by emplacement of granitic plutons; mafic and 
ultramafic rocks, including serpentinitic peridotites, 
were brought to the surface.

The plate-tectonic framework of the Southeast 
Quadrant is shown in figure 1. The largest plates are 
the South American continental plate and the Pacific 
and Antarctic oceanic plates. Smaller oceanic plates 
include the Caribbean, Cocos, Nazca, and Scotia Plates 
(Corvala"n, 1981). The limits of the largest 
lithospheric plates of the Southeast Quadrant are 
shown in red on the Energy-Resources Map (Sheet 1). 
The most outstanding features of the eastern Pacific 
Ocean are the large fracture zones trending east-west, 
which have been depicted on bathymetric maps. 
Recent magnetic and SEASAT gravity maps show



these features with considerable detail. The major 
components are oceanic spreading axes, aseismic 
ridges, major trenches (interpreted as subduction 
zones), and large active transform strike-slip fault 
zones such as the Udintsev, Eltanin, Tula, Menard, 
Taitao, Guafo, Valdivia, Challenger, Mendana, 
Wilkes, Quebrada, Gal&pagos, Siqueiros, and 
Clipperton. Initial formation of southeastern Pacific

marginal basins occurred in the final stages of the 
Middle and Late Jurassic orogeny. Most of these 
basins developed along the juncture of continental and 
oceanic crusts within a convergent tectonic framework 
characterized by volcanism and plutonism with 
associated underthrusting and strike-slip transcurrent 
movements (Drummond, 1986).

SEDIMENTARY BASINS

Closely related to the three main components of 
the South American continent the South American 
and Patagonian Platforms and the continental-margin 
mountain ranges are a large number of sedimentary 
basins of different types, which are distributed around 
the main components and whose origin and tectonism 
may date from early Paleozoic to Cenozoic time. Many 
of these basins are now exposed and subject to erosive 
processes, while others continue to receive 
sedimentary fill, particularly those located on the 
continental margins. On the basis of their degree of 
vertical stability, the downwarping that they 
displayed during their geologic history, and the degree 
of tangential deformation that they underwent during 
periods of uplift or compression, five major types of 
basins can be distinguished (fig. 2).

The first type are the intracratonic basins, that is, 
those basins formed on the cratonic shields or their 
fragmented edges. The size of these interior basins 
differs considerably; some extend completely across 
the continental width (for example, Amazon Basin), 
whereas others are restricted to moderate grabens 
formed in Mesozoic time (for example, Takutu Basin). 
Although of small size, the latter commonly include 
very thick sedimentary fill. They are normally 
semistable, shallow, undeformed basins of very 
restricted tectonism (table 1).

The second type of basins, pericratonic, are 
distributed around the periphery of cratonic areas. 
They are also known as backarc basins, since they 
constitute a retro-orogenic belt with respect to the 
Andean and Caribbean Mountain Ranges. In the 
Southeast Quadrant, pericratonic basins extend from 
eastern Venezuela (Oriental and Orinoco Basins) to the 
Malvinas (Falkland) Plateau at the southernmost tip of 
the continent. Morphologically, they are described as 
a wide belt with semiplains and plains to the south or 
east, grading into sub-Andean ranges in the north or 
west according to a general oroclinal trend. 
Geologically, this is coincident with an only slightly 
basinal, submobile, and little-deformed plains zone 
that gradually merges into a belt of strong tectonism, 
from mobile to subgeosynclinal in the north and west, 
within the foothills of the Andean erogenic belt.

More than 20 pericratonic basins can be 
recognized from north to south. They coalesce or are 
partially divided by regional structural highs 
distributed obliquely to the axis of depocenters. From 
a tectonic-sedimentary point of view, evolution in 
these basins generally started during the Middle 
Jurassic, although many basins in the central part of 
the belt have thick accumulations from previous 
cycles, such as the Paleozoic and even the early

Mesozoic (table 2).
Another group of sedimentary basins, directly 

related to the Andean erogenic architecture, are the 
intra-arc basins. In the Andean Ranges, where they 
underwent several orogenic cycles and were strongly 
influenced by mid-Cretaceous and Cenozoic 
movements, these kinds of intramontane basins are 
recognized from the Magdalena and Cauca Valleys of 
Colombia to the Central Valley in Chile and its 
submarine extension in the Gulf of Ancud, at lat 45° S. 
Postorogenic fill in these basins was thick and 
deposited rapidly with dominantly volcaniclastic 
sediments derived from neighboring volcanic arcs 
(table 3).

Neovolcanism in the Andean Cordillera developed 
in well-defined segments directly related to various 
subduction mechanisms of the Nazca Plate below the 
Pacific margin of the South American Plate (Nur and 
Ben-Avraham, 1981). Thus, the scant volcanic 
activity in the Andean area of southern Patagonia and 
Tierra del Fuego can be observed from north to south. 
Neovolcanism is well represented from the triple 
junction (Herron and others, 1981), where the Chile 
Rise intersects the continent around lat 46° S to Juan 
Femandes Ridge at lat 33" S, and from the informally 
named Lost Ridge to the Nazca Ridge and Pisco 
Deflection at lat 15° S. In the Andean Ranges and the 
Bolivian Plateau this segment shows an impressive 
local neovolcanism with respect to its large areal 
extent and the volume of eruptive magmatic rocks. 
Finally, a last volcanic segment located far to the 
north is found in the Andes of Ecuador and Colombia 
(the Occidental, Real, and Central Cordilleras) at 
approximately lat 2" S and lat 6° N (fig. 1), facing the 
area bounded by the aseismic Carnegie and Malpelo 
Ridges of the eastern Pacific (Lonsdale, 1978).

Another group of sedimentary basins forms a 
coastal peripheral rim, particularly along the Pacific 
and Atlantic shelves, and with a lesser expression 
along the transcurrent margins of the Caribbean and 
Scotia Plates. Since they originated as a result of 
seafloor spreading and drift of continental plates, they 
correspond to two tectonic environments: the 
extensional domain (Atlantic type) and the 
compressional or convergent domain (Pacific type).

Of the 17 marginal Atlantic basins of South 
America, only 7 (Tobago, Columbus (Galeota), 
Guianas, Sal ado, Colorado, Patagonia Oriental, and 
North Malvinas) occur within the Southeast Quadrant. 
Most of these basins have prograding sedimentation 
as a result of seafloor spreading and associated 
continental drift. They are notably asymmetric, and 
most started during the Wealden reactivation of the



Subhercynian Orogeny, at the commencement of 
Cretaceous oceanic rifting (fig. 2 and table 4).

From Central America to the Austral Antilles or 
Scotia Arc, another rim of more complex marginal 
basins developed in response to Pacific subduction. 
Some basins related to this process are developed on 
land behind the Coastal Range and are bounded to the 
east by the Western Cordillera, such as the Bolivar 
Geosyncline of Colombia (Nygren, 1950). In other 
areas, small asymmetric basins with predominantly 
marine fill extend west of the Coastal Range over the 
narrow Pacific Shelf, like the Daule, Progreso, and 
Talara Basins in the Equatorial zone, as well as on the 
fringe of marginal basins and subbasins of the long 
Peruvian-Chilean coast all the way to the 
southernmost tip of the South American continent 
(table 5).

Marginal Pacific basins are developed over a 
thick, complex sequence of Paleozoic or Mesozoic 
sedimentary, metamorphic, and intrusive volcanic 
rocks that probably represent an old arc-trench 
system. Structurally complex, deep-water graywacke, 
argillite, and radiolarian chert of late Mesozoic age 
with associated pillow basalt, gabbro, and ultramafic 
rocks occur along the Pacific margin, from Santa Elena 
Peninsula (Ecuador) to Alaska (Drummond, 1986). All 
of the Pacific coastal basins belong to a forearc 
domain with respect to the Andean erogenic belt.

Finally, in the Caribbean zone of South America 
we find a sequence of sedimentary basins controlled by 
the complicated Caribbean tectonic framework. Some, 
such as the Sub-Caribbean Basins, are developed over 
oceanic crust, while the others, such as the Sinu- 
Atlantic, Lower Magdalena, Guajira, Maracaibo, and 
Falcdn-Bonaire Basins are intracontinental. The 
Maracaibo and Falcdn-Bonaire Basins contain 
considerable oil (table 6).

Approximately 100 sedimentary basins and 
subbasins are contained in the area covered by the 
Southeast Quadrant. These are too numerous to 
describe individually or show on figure 2. Moreover, 
many are outside of the Pacific Region. To simplify 
this presentation, a synopsis is provided for each 
group of basins showing the name of each sedimentary 
basin; the country where each is developed; the area! 
extent (in thousand km2); the sedimentary volume (in 
thousand km3); the average sedimentary thickness (in 
km); the shape and geometry; the azimuth of the

depositional axis; the age of sedimentary fill; the age 
of the basement; and the relative intensity of folding 
and fracturing expressed as minimal, mild, moderate, 
and strong. These basic data allow us to broadly define 
each of the main sedimentary basins of the 
southeastern Pacific region, indicating at the same 
time their hydrocarbon characterization from 
commercial production to only hydrocarbon shows 
(tables 1 to 6).

On the Energy-Resources Map of the Southeast 
Quadrant (Sheet 1), the outlines of the main 
sedimentary basins are indicated. For a better 
illustration and identification of the structural features, 
these basins with names and generating capacity are 
depicted in figure 2. Fifty columnar sections are 
illustrated in order to show the sedimentary fill of the 
most important basins. The age, thickness, and gross 
lithology of the main lithostratigraphic units are 
indicated, as well as symbols showing the oil and gas 
producing intervals.

In addition to the Energy-Resources Map of the 
Southeast Quadrant of the Circum-Pacific Region 
(Sheet 1), I have prepared a second map (Sheet 2), 
showing cross sections of major sedimentary basins 
and generalized geologic cross sections. Geologic 
cross sections of the most important basins are 
illustrated. For these sections, published and 
unpublished graphic information was used and 
redrafted at the same horizontal and vertical scale 
(vertical exaggeration x5) for a clear structural 
comparison. The only exceptions are the Chaco- 
Parand Basin cross section, in which the horizontal 
scale is reduced by half, and the Trinidad Basin cross 
section, in which the horizontal scale is expanded 
slightly.

The colored outline of each cross section 
identifies the geostructural type of each sedimentary 
basin (intracratonic, backarc, pericratonic, intra-arc, 
and marginal forearc basins). Colors and letter 
symbols depict the age of the main depositional units. 
In some cases, the dominant lithology is also 
represented by appropriate patterns. The geographic 
location of each cross section is indicated on this 
map.

In the next section, short descriptions of those 
sedimentary basins that contain giant oil or gas fields 
are presented in the order of magnitude of their 
estimated ultimate production.

ENERGY RESOURCES

Within the Southeast Quadrant, the presence of 
producible hydrocarbons was detected by settlers 
shortly after America was discovered. In 1532, the 
Spanish Emperor Charles V officially authorized the 
settlers to produce "mineral oil" from the Caribbean 
island of Cubagua to be used for healing purposes. 
This first documented reference could be interpreted as 
the start of a significant oil industry of the region that 
by the end of 1987 was producing 3,076,000 bbl of 
oil and 5,562 million ft3 of natural gas per day 
(489,053 m3/day of oil and 157.5 million mfyday of 
gas). Brazil is not included in these figures (table 7).

The abundant oil and gas resources in the

Southeast Quadrant are distributed mainly in eight 
countries. These are ranked based on cumulative 
production and remaining reserves as follows: (1) 
Venezuela; (2) Argentina; (3) Colombia; (4) Ecuador; 
(5) Trinidad-Tobago; (6) Peru; (7) Bolivia; (8) Chile 
(table 8).

Another set of data, including initial established 
oil and gas reserves, cumulative production as of 
December 31, 1987, and remaining oil and gas 
reserves, is presented in table 9, where volumetric 
figures are given for major productive basins or main 
producing areas.

The main characteristics, estimated ultimate



recovery (EUR), and production data for all the giant 
oil and gas fields (more than 500 million bbl and (or) 
3 trillion ft3 of gas), are presented in table 10 and 
figures 3 and 4. Similiar information is also presented

in table 11 and figures 5 and 6 for selected major fields 
with estimated ultimate recovery of more than 100 
million bbl and (or) 600 billion ft3 of gas.

HYDROCARBON-PRODUCTIVE BASINS CONTAINING 
GIANT OIL AND GAS FIELDS

ORINOCO OIL BELT AND ORIENTAL BASIN 
(VENEZUELA)

Just as the largest known offshore field is located 
in South America (the Brazilian Marlin field with 
estimated oil reserves of 636 million cubic meters (m3) 
= 4 billion barrels (bbl)), the largest known oil 
accumulation in the world is also in South America: 
the Venezuelan Orinoco Oil Belt (fig. 3), which has an 
estimated volume of in-place heavy crude oil of 187.8 
billion m3 (1,181 billion bbl). At year-end 1986, 
proved reserves in the belt were 4.16 billion m3 
(26.17 billion bbl) and unproved reserves 14.82 
billion m3 (93.23 billion bbl) according to Martfnez 
(1987).

Located on the south flank of the backarc Oriental 
Basin (fig. 3), the Orinoco Oil Belt covers an area of 
54,000 km2 and consists of a prism of Tertiary 
sediments wedging to the south, which unconformably 
overlies the Cretaceous, the Paleozoic, or the 
Precambrian basement of the Guiana Shield. 
Regionally, the structure of the area corresponds to 
tensional fault tectonics characterized by rigid blocks 
almost without evidence of folding, but the dominant 
trapping mechanism is stratigraphic (table 2). Ninety 
percent of the crude oil is contained in the Miocene 
Oficina Formation, which consists of fluvial and 
marine clastic rocks, and the rest is in Late Cretaceous 
reservoirs. In the Orinoco Oil Belt, as well as in the 
Eastern Venezuela Basin (Oriental Basin), the main 
source rock is the Querecual Formation of Cenomanian 
to Coniacian age. This black organic limestone and 
shale unit has a generation capacity of 56 -156 x 106 
bbl/km3 , and a source-rock area of 40,000 km2 is 
estimated.

As many as 11 giant oil fields (with estimated 
ultimate recovery of more than 500 million bbl and 3 
trillion ft3 of gas) have been discovered in the Orinoco 
Belt. In the rest of the Oriental Basin, five other giant 
oil fields and two giant gas fields (El Furrial and El 
Placer) are presently being produced and developed.

MARACAIBO BASIN (VENEZUELA)

The sedimentary basin with the largest estimated 
ultimate recovery of oil and gas in the Southeast 
Quadrant is by far the Maracaibo Basin, Venezuela 
(table 6 and fig. 2), with a total estimated ultimate 
recovery of 80,000 million bbl of crude oil and some 
73 trillion ft3 of gas (table 9). In the Maracaibo Basin 
there are twelve giant oil fields with a total estimated 
ultimate recovery of 44,000 million bbl and a 
cumulative oil production of 27,000 million bbl by 
the end of 1987 (fig. 3).

The super-giant Bolivar coastal field (fig. 7), 
one of the largest oil accumulations in the world, lies

along a 72-km stretch of the northeast shoreline of 
Lake Maracaibo, from Ambrosio to Bachaquero. Its 
width in places reaches as much as 42 km. Because of 
the large extent of the productive areas, it was first 
believed that there were several separate fields (for 
example, Ambrosio, La Rosa, Tia Juana, Lagunillas, 
Pueblo Viejo, and Bachaquero areas), but drilling 
proved there was only one giant field of 35 billion bbl 
of recoverable oil. Here, the productive stratigraphic 
section consists of Eocene deltaic sand (Trujillo and 
Misoa Formations) and Oligocene sand (Lagunillas 
Formation). Oligocene fluvial sand (Icotea 
Formation), and Miocene transgressive sand (La Rosa 
Formation) are of lesser significance. The most 
important and extensive source rock of the Maracaibo 
Basin is the La Luna Formation, of Cenomanian to 
Coniacian age. This deep-water euxinic unit consists 
of dark-grey to black organic detrital limestone and 
calcareous shale with an average thickness of 110 m. 
The oil yield is estimated at 290 x 106 bbl/km3 and the 
total hydrocarbon drainage area of the La Luna 
Formation within the Maracaibo Basin is 
approximately 50,000 km2.

SAN JORGE BASIN (ARGENTINA)

The second most important oil producing country 
in the Southeast Quadrant is Argentina, both for its oil 
reserves and present daily production. Argentina 
contains four giant oil fields and one giant gas field 
(tables 1 and 10, fig. 4). Two of the giant oil fields are 
in the San Jorge Basin, where the first commercial oil 
field of Argentina, the Comodoro Rivadavia field, was 
discovered on December 13, 1907, when the 
government was exploring for ground water for the 
small port and settlement there (fig. 8).

Although of medium size (roughly 88,000 km2), 
the San Jorge Basin is the most important 
hydrocarbon-producing basin of Argentina. The 
sedimentary fill accumulated during several episodes. 
Northwest-trending extensional graben systems 
formed and filled during Triassic and Early Jurassic 
volcanic episodes. The basin continued to subside and 
fill during Late Jurassic to Early Cretaceous rifting that 
was coincident with the opening of the Atlantic Ocean 
and during the following Cretaceous downwarp phase. 
Finally, a Late Cretaceous to early Tertiary tensional 
movement gave rise to the structural alignments now 
prevalent in the basin, and many structural traps along 
normal faults formed at that time.

A middle Tertiary compressional event produced 
the narrow north-trending San Bernardo folded belt, 
which exhibits reverse movements along older, 
normal graben-bounding faults, and local low-angle 
thrust faults. A prominent early to middle Tertiary 
unconformity resulted from uplift and erosion of



Cretaceous sediment around the basin 
margins; continental, tuffaceous, and shallow-marine 
sediment accumulated within the basin during the 
Cenozoic.

The Early Cretaceous lacustrine dark shale of the 
D-129 Formation is the best source rock yet identified. 
Most of the hydrocarbon production has come from 
the mid- to Late Cretaceous sand above this source 
rock and from Paleocene sand along the north and 
south flanks of the basin and their distal offshore 
extensions. This pattern suggests that hydrocarbon 
trapping may have been related to vertical migration 
along reactivated graben faults. Volcanic tuff, 
tuffaceous sand, and other evidence of igneous activity 
is present throughout the basin fill; reservoir quality 
is generally low because of the high tuffaceous content 
of the sand lenses.

NEUQUEN BASIN (ARGENTINA)

Another giant field for both oil and gas reserves 
is Loma de la Lata in the Neuquen Basin of Argentina 
(fig. 5), a predominantly Jurassic and Cretaceous 
depositional basin filled with marine and nonmarine 
clastic sediment, subordinate carbonate rocks, and 
evaporites.

Neuqu6n Basin sedimentation began as Early 
Jurassic to Kimmeridgian fill in a rift system that 
opened in the Late Triassic. During the Late Jurassic 
and Early Cretaceous the basin evolution shifted into 
an early downwarping stage, and a thick series of 
carbonate rocks, shale, and sandstone was deposited. 
In the Late Cretaceous, after the Subhercynian 
movements, a thick postorogenic unit of red beds was 
deposited over an extensive area during a late 
downwarp phase. These sedimentary rocks are overlain 
by a discontinous sequence of Cenozoic rocks, coeval 
with the strong Andean deformation to the west.

The Neuquen Basin is the second most prolific 
hydrocarbon-producing basin of Argentina. Nearly all 
the potential reservoir rocks have been productive 
somewhere in the basin, but the Jurassic Lotena-Punta 
Rosada and Tordillo-Sierra Blancas sands and the Late 
Jurassic and Early Cretaceous Quintuco-Loma Montosa 
carbonate rocks are the major commercial reservoirs; 
the last two are present in the Loma de la Lata giant 
field. Black shales of the Los Molles and Vaca Muerta 
Formations, which are widespread in the basin, are 
rich oil and gas source rocks. Block faulting, 
wrenching, and drape folding during the Jurassic and 
subsequent Andean orogenic deformation formed 
numerous structural traps which, together with 
stratigraphic features, control commercial 
accumulations in the Neuqu6n Basin.

CUYO BASIN (ARGENTINA)

The last giant oil field of Argentina is Punta de 
Bardas-Vacas Muertas, within the Triassic Cuyo Basin 
(fig. 4). Cuyo is a typical pericratonic land-locked 
intermontane basin of a transtensional taphrogenic 
tectonic style (table 2). The nonmarine sedimentary 
fill, of Middle to Late Triassic age, was initially 
clastic, later tuffaceous, and consists of alluvial-fan

and fluvial-plain deposits (Cabras and Potrerillos 
Formations). This was followed by deposition of 
lacustrine black shale (Cacheuta Formation) which is 
generally accepted as being the main source of the oil 
produced from the Cuyo Basin. The latest Triassic Rio 
Blanco Formation is overlain with slight 
unconformity by nonmarine and volcanic deposits of 
Neocomian age. Late Cretaceous to early Tertiary 
movements started a new erosional and depositional 
cycle leading to thick Tertiary red-bed deposits. This 
Cenozoic sequence begins with the oil-productive 
Papagayos Formation at the base and is overlain by 
several thousand meters of middle to late Tertiary red 
beds.

The folds and faults in this basin formed mostly 
during the Tertiary and Quaternary, but some structures 
were formed during the Mesozoic. Structural traps are 
the most important oil-producing features in the Cuyo 
Basin, but several oil pools are stratigraphic traps. In 
the western productive part of the basin the structures 
are closed, faulted, and asymmetric anticlines along 
two or three subparallel trends. The asymmetric folds 
and thrust faults, which generally strike north, 
decrease in intensity from west to east, giving way to 
fault-controlled, flat, intermontane plains. Qil- 
reservoir sand occurs within the Triassic section and 
the basal Tertiary sequence, but the Early Cretaceous 
Barrancas Formation is by far the largest oil- 
producing unit in the Punta de Bardas-Vacas Muertas 
giant oil field.

MIDDLE MAGDALENA AND LLANOS BASINS 
(COLOMBIA)

Colombia is the third greatest oil-producing 
country in the Southeast Quadrant (table 7). A large 
part of Colombian production comes from basins 
where two giant oil fields have been discovered to 
date. One is the Middle Magdalena Basin (fig. 2), an 
intra-arc basin that lies between the two eastern 
branches of the Colombian Andes, as an elongated 
half graben with more than 12 km of Cretaceous to 
Holocene sedimentary fill. The other is the Llanos 
Basin (fig. 2), a vast grassy lowland stretching from 
the Andean foothills eastward to the Guiana Shield. 
Now completely separated, it is important to note that 
the Llanos and the Middle Magdalena Basin were 
connected throughout the Cretaceous and early 
Tertiary. The Cretaceous depocenter of the ancient 
Magdalena-Llanos basin coincides with the present- 
day Eastern Cordillera where more than 11,000 m of 
Cretaceous sedimentary section crop out. The basins 
developed their present configuration during and after 
the Miocene and Pliocene Andean Orogeny when its 
western margin subsided rapidly.

The main oil field in the Middle Magdalena Basin 
is La Cira-Infantas, a faulted anticline where producing 
Eocene sand unconformably overlies a deeply 
truncated Cretaceous sequence. Productive zones in the 
Eocene La Paz Formation and in the Oligocene 
Mugrosa and Colorado Formations held more than 520 
million bbl of oil of which some 459 million bbl had 
been produced by 1987. Studies suggest that the 
Cretaceous, and most probably the Paleocene, are



potential source rocks in the basin.
Los Llanos Basin is a Paleozoic through Tertiary 

clastic sedimentary basin in the sub-Andean 
pericratonic trend. Very asymmetric, the main 
pronounced structural development is in the foothills 
belt, where compressional stresses associated with the 
Andean Orogeny created a series of large folds and 
westward-dipping thrust faults. The antithetic fault 
trend is the principal trapping feature in the Llanos 
Basin. Virtually all of the hydrocarbon discoveries to 
date in the central part of the basin are related to this 
fault trend.

Exploration of the Llanos Basin has been cyclic. 
The first well drilled in 1944 resulted in a 
subcommercial discovery. Increased exploration 
efforts took place in 1958, 1969, and finally in 1980, 
when the Arauca field was discovered. Exploration was 
resumed in 1983 and is continuing at a good pace after 
discovery of the Cano Lim6n X-2, which tested oil 
from the late Eocene Mirador Formation at a rate of 
10,690 bbl/day of low-sulfur, 31" American Petroleum 
Institute (API) gravity oil. Subsequent drilling has 
established the discovery as a giant oil field, with an 
estimated ultimate oil recovery of over one billion 
bbls (fig. 9). Present oil production of the Carlo 
Lim6n area is 209,000 bbl per day.

ORIENTE BASIN (ECUADOR)

The next largest oil-producing country in the 
Southeast Quadrant is Ecuador, both for its current 
production and the established oil reserves (tables 7 
and 8). The most prolific basin in Ecuador is the 
Oriente Basin, extending from the foothills of the 
Andes eastward over an area of over more than 
100,000 km2 . The basin dips regionally toward the 
south and, as a typical pericratonic basin, is very 
asymmetric, with a thicker and more folded and faulted 
sedimentary section toward the mountain front. More 
than 10 km of sediment from the Paleozoic to the 
Holocene was deposited in a backarc trough. The 
oldest known rocks are of Late Silurian age. The 
prospective section overlies a poorly documented 
clastic and volcanic pre-Cretaceous basement. It 
begins with a basal sandstone, the Albian and Aptian 
Hollin Formation, one of the most prolific reservoirs 
in the basin. It is overlain by the Napo Formation 
(Cenomanian to Campanian) also with productive 
sandy intervals associated with black shale and 
limestone very rich in organic matter which are the 
source of the oil generated in the Oriente Basin. Oil 
accumulations are structurally controlled mainly in 
north-trending faulted anticlines, but stratigraphic 
trapping is also evident in certain areas.

Two giant oil fields were discovered in the Oriente 
Basin in 1969: Shushufindi and Sacha (fig. 8). The 
anticlinal features are of very low structural relief, with 
lengths of 35 km and 28 km, respectively. 
Commercial production is from the U and T sands of 
the Napo Formation in the Shushufindi field (estimated 
ultimate recovery of 1.35 billion bbl), and from the 
the Hollin Formation (69 percent) and the U sands of 
the Napo Formation (21 percent) in the Sacha field 
(estimated ultimate recovery of 753 million bbl).

Inaugurated in 1972, the Transequatorian Pipeline (66 
cm [26" in] diameter and 498 km in length) is the 
outlet for 250,000 bbl per day of Oriente Basin oil 
production. This oil pipeline starts at the Lago Agrio 
field, at 550 m above sea level, crosses the Andes at 
4,063 m and descends to Puerto Esmeraldas on the 
Pacific Coast.

PROGRESO BASIN (ECUADOR)

This marginal basin, which extends from the Gulf 
of Guayaquil to the northwestern part of Peru, contains 
as much as 8 km of post-Oligocene shale, siltstone, 
and sandstone. The sedimentary section is mostly 
Miocene, with some Pliocene and Pleistocene marine 
deposits. In 1970 the giant Amis tad gas field was 
discovered in the Gulf of Guayaquil (fig. 11). The 
estimated ultimate recovery of the Amistad 
undeveloped field is 3 trillion fr of natural gas.

TALARA BASIN (PERU)

The Talara or Northwestern Peruvian Basin lies on 
the Pacific coast west of the Andes (fig. 11). Only a 
part of the basin is preserved on land, but it extends 
well into the offshore area where it may connect with 
other Tertiary basins along the Pacific coast of South 
America (Progreso, Daule, and Sechura; table 5). The 
basin contains more than 8 km of Campanian to late 
Eocene marine to fluvial-transitional clastic sediment. 
The main producing horizon is the early Eocene 
Parinas Formation consisting of deltaic, fluvial, and 
turbidite deposits. Production is also obtained in 
descending order of importance from the Paleocene 
Salina-Mogoll6n Formation and from the middle and 
late Eocene Talara and Verdun Formations. Finally, oil 
was produced from the Oligocene and Miocene in the 
depleted Zorritos oil field in the Progreso Basin, close 
to the Ecuadorian border. The mobile belt of the Talara 
region is broken into countless blocks by an intricate 
network of mostly normal faults, with displacements 
ranging from fractions of a centimeter to about 300 m. 
Nearly all of the oil and gas seeps are located in the 
mobile northern and western parts of the basin.

A giant field, the La Brea-Parinas field discovered 
in 1869, has produced for more than a century with a 
cumulative production of 539 million bbl of oil. As of 
December 31, 1987 the estimated ultimate recovery is 
592 million bbl. For the entire Talara region the 
estimated ultimate recovery is 1,100 million bbl of 
crude oil.

UCAYALI BASIN (PERU)

The lower Ucayali Basin (table 2), of the 
pericratonic domain, extends into the central part of 
Peru, near the Urubamba River valley. In this basin a 
sedimentary fill as thick as 5.5 km composed of 
Paleozoic, Jurassic, Cretaceous, and Tertiary deposits 
overlies the Precambrian Andean basement. Between 
1984 and 1986, important gas discoveries were made 
in this remote, sparsely populated region. Two giant 
gas fields, San Martin and Cashiriari, have estimated 
ultimate recoveries of 3 trillion and 8 trillion ft3 of



natural gas, respectively (table 10). Production from 
these huge anticlines is from Cretaceous sandstone 
reservoirs at depths between 3,900 [12,800 ft] (San 
Martin field) and 2,440 m [8,000 ft] (Cashiriari field). 
Both fields, as well as other gas discoveries in the 
area, are still shut in due to lack of transportation 
facilities.

TRINIDAD-TOBAGO BASINS

The main structural elements of the Trinidad- 
Tobago Basins in the easternmost part of the 
Venezuelan mobile belt are lateral extensions of 
tectonic features farther west. These elements from 
north to south are the Northern Range (Coastal Range 
of Venezuela), El Pilar fault, Northern Basin, Central 
Range, Naparima thrust belt, the prolific Southern 
Basin, and the Southern Range (fig. 12).

The known sedimentary fill starts with thick 
Jurassic and Early Cretaceous deep-marine clastic 
rocks that grade southward into shelf deposits toward 
the Guiana Shield. Later in the Cretaceous the Northern 
Range was upthrusted with associated volcanic 
activity. Thrusting of the Central Range also started in 
latest Cretaceous time. In the Paleocene and Eocene, 
right-slip movement developed along the El Pilar fault 
in the Northern Range, the Central Range was uplifted 
and eroded, and deep-water deposition continued in the 
Southern Basin. During the Oligocene, deep-marine 
sedimentation spread over the whole area south of the 
Northern Range. During the early Miocene, together 
with rejuvenated thrusting of the Central Range, the 
Northern Basin began to fill with shallow-water 
deposits, and turbidites swept into the Southern Basin 
amidst contemporaneous structures developed along 
thrusts, mud diapirs, and strike-slip faults. All of the 
basin areas were filled by swamp deposits during the 
Pliocene. Post-Pliocene rejuvenation of thrusting and 
diapiric intrusion created the complex structural traps 
of many of the largest oil fields.

Oil sand is defined as oil-impregnated sand from 
which oil cannot be recovered by conventional 
borehole methods. Oil gravity is generally about 10' 
API or less. Significant oil-sand deposits are shown 
by a green stippled pattern on the Energy-Resources 
Map of the Southeast Quadrant. Giant deposits of oil 
sand occur in Venezuela, and minor deposits are found 
in Colombia, Trinidad, Ecuador, and Peru.

The largest accumulation in the Southeast 
Quadrant is the Miocene oil sand of the formerly 
named Orinoco Tar Belt. Oil-sand deposits are base- 
wedge and wedge-edge occurrences where Tertiary 
deposits onlap the Precambrian basement of the 
Guiana Shield. Trapping presumably is due to updip 
sandstone pinchouts and tar seals. Tar is not exposed 
at the surface. This belt has been considered in some 
detail in a previous section entitled Orinoco Oil Belt, 
as it has been designated since heavy-oil production 
began a few years ago.

Smaller but important oil-sand deposits have 
been reported in Colombia and Ecuador; the main one

Several giant and major oil and gas fields were 
discovered in the Trinindad-Tobago Basins, starting in 
1913 with the Fyzabad Group (estimated ultimate 
recovery of 850 million bbl) on land, followed by 
Soldado field (estimated ultimate recovery of 600 
million bbl) offshore in the Gulf of Paria (table 10). 
Many other oil fields lie on the island, such as Point 
Fortin, Erin, Palo Seco, Penal, Oropuche, Trinity, 
Catshill, Moruga, Balata, Morne Diablo, Navette, and 
others. The Miocene Cruse and Forest-Moruga 
Sandstones are the main oil reservoirs. The most 
common trapping mechanisms are up-dip permeability 
pinchouts, subunconformity accumulations, and 
sandstone pinchouts over or on the flanks of 
contemporaneous mud diapirs. Oils have an average 
gravity of 23" API.

At present active exploration is confined to the 
offshore area, both in the West Tobago Basin in the 
north and in the Columbus-Galeota Basin in the south 
and east. Significant discoveries have been made, 
mainly natural gas, like the giant North Coast Group 
(estimated ultimate recovery of 3 trillion ft3 ) and the 
Galeota Group (7 trillion ft3 of recoverable natural 
gas). Productive intervals are mainly of Pliocene age 
(Gros Morne and Saint Hilaire Formations), and even 
Pleistocene, such as the Queen's Beach and East 
Manzanilla gas fields, in the tropical Atlantic Ocean.

PRESENT DRILLING ACTIVITY

Important drilling activity is currently being 
carried out by state-owned and private companies in 
the Southeast Quadrant of the Circum-Pacific Region 
(table 12). During 1987, 147 drilling rigs were active 
in the Southeast Quadrant. This drilling activity 
resulted in the completion of 1,738 wells of which 
252 were new-field wildcats. A highly successful 37 
percent exploratory success ratio was achieved in 
1987.

OIL SAND

is located west of the Sacha giant oil field, close to the 
Andean foothills. Another significant oil-sand deposit 
is in southern Peru, in the mountainous area close to 
the headwaters of the Indio Muerto and Yauca Rivers.

Although not directly related to the 
aforementioned oil sand, it is worth noting that the 
largest deposit of pure asphalt yet discovered in the 
world is the Guanoco Asphalt Lake, also called 
Bermudez Pitch Lake. This deposit was first reported in 
1875 and put into primitive production in 1901. 
Located in the state of Monagas in eastern Venezuela, 
the Guanoco Asphalt Lake covers an area of more than 
450 hectares, and contains semiliquid asphalt to a 
depth of 6 m. The asphalt exudes from springs and 
remains soft and semiliquid under a hard crust; the lake 
is partially covered by vegetation and pools of water. 
Another large exposure of heavy oil is Pitch Lake, in 
southwestern Trinidad near the shore of the Gulf of 
Paria. It lies on a nearly circular depression about 610 
m in diameter and more than 41 m deep. The asphalt 
deposit occurs in the nonmarine Pliocene La Brea Sand



overlying a low structural dome. It is believed that 
Pitch Lake will ultimately yield more than 25 million 
tons of asphalt. A similar asphaltic lake and tar 
deposit is known in the Cretaceous Oran Basin in

northern Argentina. It is also named Laguna de la Brea; 
the name dates back to the seventeenth century. This 
asphaltic deposit was subject to rudimentary 
exploitation in 1885.

OIL SHALE

Oil-shale deposits in the Southeast Quadrant are 
depicted by a green-lined pattern on the Energy- 
Resources Map. There is a drastic difference between 
the Southeast and Northeast Quadrants with respect to 
oil-shale deposits. Giant oil-shale areas like those of 
die western United States, with reserves of trillions of 
oil-equivalent barrels (Drummond, 1986), are 
completely absent in the Southeast Quadrant where 
only a few minor oil-shale deposits have been reported 
in Chile and Argentina. In Chile, several outcrops 
occur in the Patagonian Andes close to the Chile- 
Argentina international border between 34° and 35° S. 
Here oil-shale deposits are intercalated within paralic 
sediments of the Andean Jurassic regression. Other 
oil-shale deposits are reported at Huantajaya, some 20 
km east of Iquique in Late Jurassic sediment. The oil- 
shale occurrence of El Pular, close to the Argentinean 
border at lat 24" 25' S, is of the same age (Oxfordian to 
Kimmeridgian). Probably the largest volume of oil 
shale in Chile is in the lacustrine Eocene section of 
the Lonquimay area, at lat 38" 35' S. The distillation

yield of the Lonquimay oil-shale deposits is estimated 
at 17 million bbl of synthetic oil, but the project is 
presently noncommercial.

In Argentina there are several small oil-shale 
deposits in the lacustrine organic shale of the Late 
Triassic of the Cuyo Basin (Cacheuta, Papagayos, 
Divisadero Largo, and El Quemado occurrences in 
Mendoza Province). These minor outcrops are not of 
sufficient area and importance to be shown on the 
map. The only one included is the Rincon Blanco 
deposit in the western part of San Juan Province, 150 
km north of Cerro Aconcagua, at lat 32° S. The 
bituminous sediment is black calcareous shale of Late 
Triassic age with a 3 to 4 percent kerogen content. The 
estimated yield of the Rinc6n Blanco oil-shale deposit 
is 45 million metric tons of synthetic oil with a 
calorific value of 18,000 British thermal units per 
pound (BTU/lb). The remoteness of the area, lack of 
water, and very difficult access make the exploitation 
of Rinc6n Blanco deposit noncommercial at present.

COAL

Coal deposits are shown with brown patterns 
indicating rank and general areal extent of the deposits 
on the Energy-Resources Map of the Southeast 
Quadrant. Classification by rank is based on the 
percentage of fixed carbon and calorific value 
(expressed in BTU/lb). Although there may be some 
differences between countries, in general ranks are 
those established by the American Society for Testing 
Materials (ASTM) (1983). This is summarized in table 
13. The location and names of main selected 
occurrences are shown (fig. 13 and 14). The principal 
characteristics of those occurrences are summarized by 
country, name of deposit, age, ASTM rank of coal, 
number of productive beds, size, and sulfur and ash 
content expressed by percentage (table 14).

Commercial coal deposits ranging in rank from 
anthracite to lignite and peat occur within the area 
covered by the Southeast Quadrant. Commercial 
deposits are of late Paleozoic, Triassic, Jurassic, 
Cretaceous, and Tertiary age. Peat deposits are mainly 
of Quaternary age.

Rough estimates for principal coal deposits in the 
Southeast Quadrant total 46.6 billion metric tons of 
proved and additional reserves. The reported 
commercial peat deposits are on the order of 208 
million metric tons. Because of the scant data on 
quality, thickness, extent, and depth in many coal

fields this estimate of recoverable reserves is 
somewhat uncertain.

As shown on table 15, which gives the reserve 
distribution by rank and country, the largest coal 
resources, about 20 billion metric tons, are found in 
Colombia, followed by Venezuela and Chile, with 9.2 
and 8.7 billion metric tons, respectively. Colombia is 
by far the largest coal producer with an output of close 
to 15 million metric tons per year (table 16). Coal is 
found in early Tertiary basins in intermontane valleys 
along the flanks and foothills of the Andean and 
Caribbean Ranges and along their northern and eastern 
extensions. Eighty percent of these coal reserves are 
in the Cundinamarca and Boyacd Provinces, El 
Cerrejdn being one of the most important deposits 
with estimated reserves of over 1,600 million metric 
tons. The area of this Paleocene deposit is 38,000 
hectares at 200 m below the surface. The present El 
Cerrejdn project, at a cost of 3 billion dollars, will 
have a production rate of 15 million metric tons per 
year.

Early Tertiary Colombian and Venezuelan coal is 
mainly bituminous. Early Cretaceous coal of Peru is 
anthracitic, and Tertiary coal of Chile and Argentina is 
subbituminous and lignitic. Quaternary peat deposits 
are reported in Argentina, Bolivia, and Ecuador.

GEOTHERMAL RESOURCES

Three kinds of geothermal data are shown on the 
Energy-Resources Map and follow the example set by

the Northeast Quadrant (Drummond, 1986): 
geothermal fields that have been identified, those



developed to generate electricity, and hot springs with 
a surface temperature over 50° Celsius. Hydrothermal- 
convection systems have been further subdivided to 
distinguish between systems that are generating 
electric power and those that are currently being 
developed.

Practically all of the geothermal areas considered 
are distributed in the calc-alkalic Pliocene to 
Quaternary volcanic rocks that stretch all along the 
Andes. From this it is inferred that the source of heat 
that gives rise to the hydrothermal areas is derived 
from volcanic activity. Volcanism in some sections 
can also be related to magmatic bodies located close to 
the surface, between 3 and 10 km deep, that could 
provide a significant amount of heat to the geothermal 
system. Thus it is possible to consider the Quaternary 
volcanic areas of the Andes as areas of abnormally 
high heat flow, as is the case with other young 
orogenic areas of intense volcanic activity in the 
Circum-Pacific region.

The most important geothermal sites in the 
Southeast Quadrant are shown on figures 15 and 16. It 
is evident that the chain of volcanoes in the western 
part of Central and South America is an area with high 
potential for geothermal energy. Within the Central 
American area, El Salvador has developed the 
Ahuachapan geothermal field (Drummond, 1986). Its 
power plant currently produces 95 megawatts and was 
the first geothermal plant built in Central America. 
Chinameca, Berlin, and San Vicente geothermal fields 
are also being studied. Guatemala is planning to 
install a 15-megawatt plant at Zunil. Many areas in 
Guatemala look promising, but further exploration is 
needed. Nicaragua has a 35-megawatt plant operating 
on the southern flank of Momotombo Volcano at Lake 
Managua. Costa Rica is developing the Miravalles 
geothermal field. It was projected to have been on-line 
by 1990 with a power potential of 32 megawatts, and 
an additional 50-megawatt plant may be built. In 
Panama, seven areas have been identified as

geothermal localities but further assessments need to 
be made.

The first geothermal power plant installed in 
South America is in the Copahue geothermal volcanic 
field in central-western Argentina, in the Andean 
foothills. This small 670-kilowatt plant began 
operating in early 1988. Also in Neuqu6n Province the 
Domuyo Volcano, with abundant hot springs, 
fumaroles, and geysers, is being studied because of its 
very high potential for geothermal energy. There are 
several other areas in Argentina where geothermal 
potential has been assessed including Taco-Ralo-Rio 
Hondo (Santiago del Estero Province) and Tuzgle 
Volcano (Salta Province). In Northern Chile, potential 
geothermal developments are being studied at El Tatio, 
Puchuldiza, and Suriri. The estimated power potential 
for the El Tatio site is 100 megawatts and for the Suriri 
site is 50 megawatts. In Colombia, the Ruiz and 
Chiles Volcanoes, Azufral de Tuquerres, and Paipa are 
areas of potential development. Five areas are being 
assessed in Ecuador: Cuenca-Azogues, Chimborazo, 
Chalupas, Imbabura-Cayambe, and Tufino-Chiles- 
Cerro Negro. Six areas in Peru are being assessed for 
geothermal potential: the Southern Volcanic Chain, 
the Puno region, the Huancavelica-Huancayo region, 
the Central region (Cajatambo-Cerro de Pasco), the 
Ancash region, and the Cajamarca region. In 
Venezuela two promising geothermal sites have been 
identified: Barcelona-Cumana and Pilar-Casanay. The 
strong hot springs of Pomarapa Volcano and the 
Pulacayo area in Bolivia show indications of 
important geothermal resources, but further 
exploration is needed to evaluate their potential.

In table 17, all of the major geothermal sites in 
the Southeast Quadrant are listed by country. After the 
locality name, values of surface temperature and type 
of spring are also indicated. The geographic locations 
of these listed geothermal sites are shown on figures 
15 and 16.
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APPENDIX I

CONVERSION FACTORS

1 cubic meter of oil and pentanes+ 
(101.325 kilopascals and 15" Celsius)

1 cubic meter of natural gas
(101.325 kilopascals and 15" Celsius)

1 tonne

6.29287 barrels 
(35 imperial gallons)

35.49373 cubic feet
(14.65 psia and 60° Fahrenheit)

2,240 pounds 
1.12 tons

	APPENDIX II

	LIST OF ABBREVIATIONS USED

ASTM American Society for Testing and Materials

API American Petroleum Institute

B billion (109 )

bbl barrel

BCF billion cubic feet

b/d barrels/day

cf cubic feet

cf/d cubic feet/day

EUR estimated ultimate recovery

M thousand (103)

MCF thousand cubic feet

MM million (106)

MMB million barrels

T trillion (1012)

TCP trillion cubic feet
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APPENDIX III

GLOSSARY

Crude oil. A mixture of hydrocarbons that is recovered in a liquid phase at atmospheric conditions of pressure and 
temperature through a wellbore from a naturally occurring underground reservoir. Crude oil may include small 
amounts of non-hydrocarbons produced with the liquids.

Acceptable ranges for further classification of crude oil by density suggested by a study group of the World 
Petroleum Congress (Martinez and others, 1984) are as follows:

Heavy, 10-22.3° API gravity (1000-920 kg/m3)
Medium, 22.3-31.1° API gravity (920-870 kg/m3)
Light, greater than 31.1° API gravity (less than 870 kg/m3 )

To be added to this are definitions of Meyer and others (1985):
Extra heavy, less than 10° API gravity (greater than 1000 kg/m3) but mobile in the reservoir, hence,

producible through a wellbore. 
Bitumen, less than 10° API gravity (greater than 100 kg/m3) and immobile in the

reservoir.

Estimated Ultimate Recovery (EUR). An estimate of the total reserves which will ultimately be produced from a 
field or field complex. The EUR includes cumulative production and remaining established reserves, and may 
include an estimate of possible future additions through extensions and new pool tests.

Field. An area consisting of a single reservoir or multiple reservoirs all related to the same geologic, structural, or 
stratigraphic feature.

Field Complex. An area which encompasses two or more fields that are in close proximity which share a common 
geologic mode of occurrence. Examples are fault-separated fields such as the A. J. Bermuda Complex of Mexico 
and the pinnacle reefs of Rainbow, Canada.

Gravity, API. A standard adopted by the American Petroleum Institute to express the specific gravity of oil. The 
lower the specific gravity, the higher the API gravity. API gravity = (141.5/specific gravity at 60° F) 131.5.

Hydrocarbon. Chemical compounds consisting wholly of hydrogen and carbon.

Initial Established Reserves. An estimate of the original total reserves prior to any production which are deemed 
to be recoverable with current technology and under present economic conditions, proved by drilling, testing, or 
production plus recoverable reserves interpreted to exist with reasonable certainty.

Remaining Established Reserves. Initial established reserves less cumulative production.

Natural Gas. A mixture of hydrocarbon compounds and small quantities of various non-hydrocarbons that exist in 
the gaseous phase or in solution with crude oil in natural underground reservoirs and which is gaseous at 
atmospheric conditions of pressure and temperatures. Natural gas is generally classified into two categories based 
on the type of occurrence in the reservoir.

Non-associated Gas. Free natural gas not in contact with crude oil in the reservoirs.
Associated Gas. Generally includes both associated and dissolved gas. Associated gas is free natural 

gas, commonly known as gas cap gas, which overlies and is in contact with crude oil. Dissolved 
gas is natural gas which is in solution with crude oil at reservoir conditions.

Raw Gas. Natural gas as it is produced from the reservoir that includes varying amounts of the heavier 
hydrocarbons which liquefy at atmospheric conditions, water vapor, sulphur compounds, such as hydrogen 
sulfide, and other non-hydrocarbon gases, such as carbon dioxide, nitrogen, or helium.

Marketable Gas. Natural gas which is available to a transmission line after removal of certain hydrocarbons and 
non-hydrocarbon compounds present in the raw natural gas and which meets specifications for use as a domestic, 
commercial, or industrial fuel. Marketable natural gas excludes field and plant fuel and losses, excepting those 
related to downstream reprocessing plants.

Natural Gas Liquids. Those hydrocarbons in the reservoir which are separated from the natural gas as liquids either
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in the reservoir through the process of retrograde condensation or at the surface through the process of 
condensation, absorption, or adsorption or other methods in field separators, and gas plants. Generally such 
liquids consist of propane and heavier hydrocarbons and are commonly referred to as condensate and liquified 
petroleum gases. Where hydrocarbon components lighter than propane are recovered as liquids these components 
are also included in the natural gas liquids.

Oil Sand. Sand and other rock material impregnated with crude oil that is classified as bitumen. The gravity is 
generally in the range of 10" API and less (greater than 1000 kg/m3), immobile in the reservoir, and generally not 
recoverable by conventional wellbore methods. Often referred to as tar sands.

Oil Shale. Shale that contains an oil-yielding material called kerogen.

Pentanes Plus. A mixture mainly of pentanes and heavier hydrocarbons which ordinarily may contain some 
butanes and which is obtained from the processing of raw gas, condensate, or crude oil.

Synthetic Oil. A mixture of hydrocarbons, which is derived by upgrading bitumen in oil sands or kerogen in oil 
shales.
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INTRODUCTION

PROYECTO DE MAPA DEL CIRCUM-PACIFICO

El Proyecto del Mapa Circum-Pacifico es un 
esfuerzo de cooperacidn internacional, disenado para 
mostrar la relacidn entre los recursos energeticos y 
minerales conocidos, y los rasgos geoldgicos 
principales de la cuenca Pacific a y las areas 
continentales adyacentes. Los datos geoldgicos, 
minerales, y de recursos energ£ticos disponibles, 
estin siendo complementados con nueva informacidn 
de proyectos en desarrollo, como lineamientos 
magn£ticos, depdsitos minerales del fondo oceanico y 
sedimentos marinos profundos. Cientificos de la tierra 
que representan unas 180 organizaciones de mas de 40 
paises de la regidn Pacifica estan involucrados en este 
trabajo.

Seis mapas regionales de igual area traslapados, a 
la escala de 1:10.000.000 forman la base cartograTica 
del proyecto: los cuatro cuadrantes Circum-Pacificos 
(Noroeste, Suroeste, Sureste, y Noreste) y dos hojas de 
la Antartica y Artica. Tambien hay una hoja de la 
Cuenca Pacifica a escala 1:17.000.000. Los mapas ya 
publicados incluyen la Serie del Mapa Base (publicada 
entre 1977 y 1989), la Serie del Mapa GeograTico 
(entre 1977-1990), y la Serie del Mapa Geodinfcnico 
(entre 1984 y 1990). Todas ellas incluyen siete mapas. 
Las series de mapas tematicos cuya publicacidn se esta 
completando incluye la del Mapa Tect6nico de Placas 
(publicacidn iniciada en 1981), la del Mapa Geol6gico 
(iniciada en 1983), la del Mapa Tectdnico (publicacidn 
iniciada en 1990), la del Mapa de Recursos Minerales 
(iniciada en 1984), y la del Mapa de Recursos 
Energ6ticos (iniciada en 1986). En total, estan 
planeadas 60 hojas cartograficas. Los mapas son 
preparados cooperativamente por el Consejo Circum- 
Pacifico para la Energia y Recursos Minerales y el 
Servicio Geoldgico de los Estados Unidos. Los mapas 
publicados con anterioridad a mediados de 1990 pueden 
solicitarse a American Association of Petroleum 
Geologists Bookstore, P.O. Box 979, Tulsa, 
Oklahoma 74101, U.S.A.; los mapas publicadas con 
posterioridad a esa fecha pueden solictarse a Branch of 
Distribution, U.S. Geological Survey, Box 25286, 
Federal Center, Denver, Colorado 80225, U.S.A.

El Proyecto de Mapa del Circum-Pacifico est£ 
organizado por seis paneles de geocientificos que 
representan a los organismos de ciencias de la tierra de 
la regidn Pacifica. Los paneles regionales 
corresponden a las seis dreas del mapa base. Los 
directores de los paneles son Tomoyuki Moritani 
(Cuadrante Noroeste), R. Wallace Johnson (Cuadrante 
Suroeste), lan W. D. Dalziel (Regidn Antartica), Jos6 
Corvaldn D. (Cuadrante Sureste), Kenneth J. 
Drummond (Cuadrante Noreste), y George W. Moore 
(Regi6n Artica).

La coordinacidn del Proyecto y la cartografia final 
estan siendo llevadas a cabo a traves de la cooperacidn 
de la Oficina de Geologia Internacional del Servicio 
GeokSgico de los Estados Unidos, bajo la direcci6n de 
George Gryc, Director General, con la asesoria de 
Warren O. Addicott, Consultor. Las oficinas centrales 
del Proyecto estan en 345 Middlefield Road, MS 952,

Menlo Park, California 94025, U.S.A.
El esquema de trabajo del Proyecto del Mapa 

Circum-Pacifico fue desarrollado por un grupo 
especialmente designado de geocientificos que se 
reunid en California en 1973. El Proyecto fue 
oficialmente iniciado en la Primera Conferencia 
Circum-Pacffica para Energia y Recursos Minerales, 
realizada en Honolulu, Hawaii, en Agosto de 1974.

El proyecto opera como una actividad del Consejo 
Circum-Pacifico para Energia y Recursos Minerales, un 
organismo sin fines de lucro que promueve la 
cooperacidn entre los paises Circum-Pacificos en el 
estudio de recursos energ6ticos y minerales de la 
cuenca Pacifica. Fundado por Michel T. Halbouty en 
1972, el Consejo patrocina, ademis, conferencias cada 
cuatro afios, simposios, seminaries de entrenamiento 
cientifico y la publicacidn de la Earth Science Series.

Mapas tema'ticos y publicados del Cuadrante 
Sureste son el Mapa Tectdnico de Placas (Corvalan, 
1981), el Mapa Geoldgico (Corvalan, 1985), y el 
Mapa Geodin&nico (Corvalan, 1985).

MAPA DE RECURSOS ENERGETICOS DEL 
CUADRANTE SURESTE

El Mapa de Recursos Energeticos del Cuadrante 
Sureste de la Regidn Circum-Pacifica es el segundo de 
una serie de seis hojas cartograficas traslapadas a 
escala 1:10.000.000 sobre Recursos Energ6ticos. Los 
otros mapas en la serie seran los de los cuadrantes 
Noroeste, Suroeste, y las hojas Antartica y Artica. El 
Cuadrante Noreste fue publicada en 1986.

Esta serie est£ disenada para ser lo mas objectiva 
posible, con un minimo de interpretacidn. La pequena 
escala de los mapas de igual area 1:10.000.000 (100 
km/cm d 10.000 km2/cm2), requiere una enorme 
simplificacidn, tanto de la informacidn geoldgica 
basica, como de los datos de recursos energeticos; por 
lo tanto, los mapas solamente podran dar una visidn 
general de la distribucidn, cardcter y ambiente 
geoldgico de estos recursos. No obstante, provee una 
visidn unificada de los recursosenerg6ticos en la 
regidn del Pacifico sureste.

La informacidn representada en los dos hojas del 
Mapa de Recursos Energ6ticos del Cuadrante Sureste 
incluye antecedentes geoldgicos generalizados, 
campos de gas y petrdleo, arenas bituminosas, lutitas 
bituminosas, depdsitos de carbdn, sitios de energia 
geot6rmica, fuentes termales, isopacas de cuencas 
litorales, e isopacas de sedimentos en areas oceanicas. 
Tambien estan representadas columnas estratigraTicas 
generalizadas de las cuencas principales del cuadrante.

El Mapa de Recursos Energ6ticos del Cuadrante 
Sureste fue preparado bajo la supervisidn general del 
Director del Panel Jos6 Corvalail D., Servicio Nacional 
de Geologia y Mineria, Santiago, Chile, mas la 
coordinacidn del Director General George Gryc y la 
asesoria t£cnica de Warren O. Addicott y Theresa R. 
Swint-Iki. La compilacidn principal fue realizada por 
Marcelo R. Yrigoyen, Trend Argentina, S.A., Buenos 
Aires, Argentina (antes con Esso Exploration, Inc., 
Buenos Aires, Argentina), con la colaboracidn y
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asesoria de los miembros del Panel del Cuadrante 
Sureste. Para el £rea de traslapo con el Cuadrante 
Noreste se us6 la informacidn del Mapa de Recursos 
Energe"ticos de ese Cuadrante, compilado por Kenneth 
J. Drummond, de Mobil Oil de Canada1 , Calgary, 
Alberta, Canad£. Otros investigadores principales y 
fuentes de datos se indican en las secciones de 
referencias de los mapas Hoja 1, Recursos Energ&icos, 
y Hoja 2, Cuencas Sedimentarias, y en las referencias 
aqui incluidas. El Panel del Cuadrante Sureste se 
compone de los siguientes miembros: Jose" Corvalan

D., Director, Chile; Marcelo R. Yrigoyen, Argentina; 
Ratil Solfs, Bolivia; John Davidson, Anibal Gajardo, 
Eduardo Gonzalez P., Alfredo Lahsen A., y 
Constantino Mpodozis, Chile; Joaqum Buneaventura, 
Hermann Duque-Caro, y Fernando Etayo S., Colombia; 
Giovanni Rosania y Horacio Rueda, Ecuador; Victor R. 
Eyzaguirre, Gregorio Flores, Alfredo Pardo, y Ne"stor 
Teves, Perti; George E. Ericksen, Estados Unidos; 
Alirio Bellizzia, Emilio Herrero, y Nelly Pimentel, 
Venezuela.

MARCO GEOLOGICO

Siguiendo los lineamientos adoptados por la 
Comisidn de la Carta Geoldgica del Mundo (UNESCO, 
1978) en lo que atane al Mapa Tectdnico de Sud 
America, podemos reconocer en el £rea abarcada por el 
Cuadrante Sureste tres regiones tectdnicas de grandes 
dimensiones que se distinguen por sus diversos 
origenes, edades, y evolucidn estructural (fig. 1). La 
m£s antigua, la Plataforma Sudamericana, constituye 
toda la region central y la mayor parte de la regidn 
oriental del continente. A ella pertenecen la totalidad 
de los territories de Brasil, Paraguay, Uruguay, 
Guayana, Guayana Francesa, y Surinam, asf como la 
regidn central y sur de Venezuela, el oriente de 
Colombia, Ecuador, Peru, Bolivia, y parte norte de 
Argentina. Se trata de una plataforma antigua, cuyo 
basamento se consolidd durante fines del Precambrico 
y el Cambrico. Solamente en ella se reconocen rocas 
arqueanas del continente. La cubierta sedimentaria y el 
volcanismo asociado, se desarrollaron a partir del 
Silurico, estando preferentemente distribuidos en las 
cuatro sineclisas de Paran£, Chaco, Amazonas, y 
Pamaiba, asf como en el prismo sedimentario, situado 
en el borde occidental de la plataforma. Areas 
depositacionales menores se encuentran tambie'n sobre 
los escudos, en los que el basamento de las plataformas 
llega a aflorar.

La Plataforma Patagonica se encuentra 
integramente ubicada en territorio argentine, 
extendiendose ademas a lo largo del mar gen 
epicontinental. Esta es una plataforma m£s joven, 
cuyo basamento, consolidado a partir del Paleozoico 
medio, est£ mayormente enmascarado por una cubierta 
volcano-sedimentaria desarrollada desde el 
Carbonifero.

Las dos plataformas mencionadas limitan por el 
oeste con la gran faja de plegamiento de la Cordillera 
de los Andes y del sistema montanoso del Caribe, este 
ultimo desarrollado en el borde norte de la Plataforma 
Sudamericana. Estas extensas fajas manifiestan una 
movilidad cortical persistente desde por lo menos el 
Precambrico tardfo hasta tiempos modernos. Su 
evolucidn policfclica durante el Fanerozoico, se 
realizd en su mayor parte sobre corteza sialica.

Los limites entre estas grandes regiones 
tectdnicas son todavfa poco conocidos, en parte por 
insuficiencia de estudios geoldgicos y m£s por estar 
cubiertos por sedimentacidn mesozoica y cenozoica. 
El basamento prec£mbrico de la Plataforma 
Sudamericana se encuentra ampliamente expuesto en el 
£rea del Cuadrante Sureste, tanto en extensos cratones

como en afloramientos espor&dicos menores. La 
Plataforma Patagonica aparece tambie'n fragmentada en 
superficie en los macizos Norpatagdnico, del Deseado, 
e Islas Malvinas (Falkland), con extensiones en el 
Arco de Dungeness y aun en la Dorsal Patagdnica 
Oriental, ambas zonas sumergidas en el mar 
epicontinental Argentine. En su basamento participan 
metamorfitas y sedimentos normales del Precambrico 
tardfo y Paleozoico inferior, asi como rocas eruptivas 
precambricas, pe*rmicas, y triasicas, y granitoides del 
Paleozoico superior. Varias etapas de subsidencia y 
respectiva sedimentacidn, tanto continental como 
marina, tuvieron lugar en el Mesozoico inferior hasta 
la reactivacidn tectono-magm£tica jwisica superior. A 
partir de entonces, grandes £reas de la Plataforma 
Patagdnica tienen caracter de antefosa moldsica, de 
relativa estabilidad tectdnica, sdlo modificada por los 
movimientos epirog&iicos y el intense volcanismo 
b&sico cenozoicos.

El tercer gran constituyente del continente es la 
region de la Cordillera de los Andes y el sistema 
montaftoso del Caribe. Aqui, afloramientos de 
metasedimentos y metavolcanitas de evolucidn 
polif£sica son atribuidos al Precambrico tardfo. Se 
deduce que la faja de plegamientos de la Cordillera 
Andina se desarrolld sobre un substrate que acusd 
evolucidn geosinclinal durante el final del 
Prec&nbrico (hasta Cdmbrico) y que en parte movilizd 
terrenos mas antiguos, hasta del Ciclo 
Transamazdnico (2000 Ma). La extensa Cadena Andina 
muestra fuerte estructuracidn paleozoica y mesozoica, 
ademds de dominante tectonismo cenozoico, todo ello 
acompanado por importantes episodios intrusivos y 
volcdnicos.

En el sistema montanoso del Caribe, desarrollado 
en condiciones de acrecidn, tuvo lugar una ingente 
sedimentacidn mesozoica tardfa y cenozoica 
acompanada por un intense vulcanismo ofiolftico 
submarine. La tectdnica Andina fue la rectora de la 
depositacidn molasica neogena en las fosas 
intermontanas. Los procesos de acrecidn y 
sedimentacidn fueron acompanada por el 
emplazamiento de plutones graniticos y volcanismo 
b£sico y ultrab£sico que incluye peridotitas 
serpentinizadas.

La figura 1 muestra el marco tectdnico de placas 
del Cuadrante Sureste. Las placas mayores son la Placa 
Continental Sudamericana y las placas ocednicas 
Pacffica y Ant£rtica. Las placas oceanicas incluyen la 
Caribeana, Cocos, Nazca, y Scotia (Corvalan, 1981).
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Los limites de las placas litosfericas mayores del 
Cuadrante Sureste estan impresas en rojo en el Mapa de 
Recursos Energeticos (Hoja 1). Los rasgos mayores del 
Oc£ano Pacffico oriental son las grandes zonas de 
fracturas de direccidn este-oeste ya reconocidas desde 
largo tiempo atr&s por los mapas batim£tricos. 
Recientemente se las ha delineado con mucho mayor 
detalle en los mapas magn£ticos y de gravedad 
SEASAT. Otros elementos mayores son los ejes de 
expansidn oceanica, las dorsales asismicas, grandes 
fosas que son interpretadas como zonas de subduccidn, 
y zonas de fallas transcurrentes de activo

desplazamiento horizontal, tales como Udintsev, 
Eltanin, Tula, Menard, Taitao, Guafo, Valdivia, 
Challenger, Mendana, Wilkes, Quebrada, Galapagos, 
Siqueiros, y Clipperton. El estructuramiento inicial de 
las cuencas marginales del Pacffico sureste tuvo lugar 
en las etapas finales de la orogenia jurasica medio a 
superior. La gran mayorfa de ellas se ha desarrollado a 
lo largo del limite de las cortezas continental y 
oceanica, dentro de un cuadro tectdnico convergente 
caracterizado por volcanismo y plutonismo asociados 
a bajocorrimientos y movimientos transcurrentes 
(Drummond, 1986).

CUENCAS SEDIMENTARIAS

Estrechamente vinculadas a estos tres elementos 
primordiales del continente Sudamericano las 
Plataformas Sudamericana, Patagdnica, y los cordones 
montanosos marginales tanto sobre ellos como a su 
alrededor, se disponen cuencas sedimentarias de 
diverse tipo, cuya genesis y afectaci6n tect6nica se 
remonta a veces desde el Paleozoico inferior las mas 
antiguas al Cenozoico las m&s modernas. 
Actualmente muchas de ellas estdn expuestas y 
sometidas a procesos erosivos, en tanto que otras 
continuan recibiendo relleno sedimentario, 
preferentemente aquellas ubicadas en los bordes 
continentales. En base al grado de estabilidad vertical 
y a la tendencia negativa que han mantenido durante su 
historia geoldgica y tambi£n por el grado de 
deformaci6n tangencial que experimentaron durante 
los periodos de solevantamiente o compresidn, pueden 
diferenciarse cinco tipos principales de cuencas 
sedimentarias (fig. 2).

El primer tipo lo constituyen las cuencas 
intracratdnicas, es decir, aquellas instaladas ya sea 
sobre los propios cratones o sobre sus bordes 
fragmentados. Son de tamafto muy disimil, al punto 
que algunas 1 leg an a extenderse practicamente a lo 
ancho del continente (v.g., Cuenca de Amazonas) 
mientras que otras se restringen a modestos grabenes 
delineados en tiempos mesozoicos (v.g., Cuenca de 
Takutu). Estas ultimas son de extensidn reducida, pero 
a veces encierran las pilas sedimentarias mas potentes. 
Normalmente son cuencas cuasiestables, de restringida 
afectacidn tect6nica (tabla 1).

El segundo tipo de cuencas son aquellas que se 
disponen perif£ricamente rodeando las £reas 
cratdnicas; de alii su nombre de cuencas 
pericratdnicas, tambien aqui llamadas de retroarco pues 
constituyen una faja retro-ordgena con respecto a la 
Cadena Andina y del Caribe. En el Cuadrante Sureste 
las cuencas pericratdnicas se extienden desde la de 
Oriental y Orinoco, en el este de Venezuela, hasta el 
plateau de Malvinas (Falkland) en el extreme austral 
del continente. Morfoldgicamente, se trata de una 
amplia faja con semiplanicies y llanuras por el sur o 
por el este, que gradan a cordones subandinos en el 
norte o el oeste, de acuerdo a un arrumbamiento general 
rodeante. Geoldgicamente £sto coincide con un sector 
negative, submdvil y subdeformado en las planicies 
para pasar gradualmente a una faja altamente 
tectonizada, mdviles hasta subgeosinclinales en el 
norte y el oeste, ya dentro del contrafrente del ordgeno

andino.
De norte a sur se puede reconocer mis de una 

veintena de cuencas pericratdnicas. Ellas coalescen o 
se hallan semidividas por altos estructurales 
region ales dispuestos semitransversalmente al eje de 
los depocentros. Desde un punto de vista tecto- 
sedimentario, en general estas cuencas comienzan su 
evolucidn en el Jurasico Medio, aunque muchas de 
ellas, en el tramo central de la faja, muestran espesas 
acumulaciones de ciclos anteriores (Paleozoico y aun 
del Mesozoico inferior) (tabla 2).

Otro grupo de cuencas sedimentarias est£ 
directamente relacionado con la arquitectura del 
ordgeno andino: son las cuencas intra-arco. En la 
cadena de los Andes, en cuya edificacidn intervinieron 
varios ciclos orogenicos y en donde los movimientos 
del Cretacico Medio y del Cenozoico imprimieron sus 
rasgos actuales, este tipo de cuencas se reconoce desde 
el Valle del Magdalena y el Valle de Cauca, en 
Colombia, hasta el Valle Central de Chile y su 
prolongacidn submarina en el Golfo de Ancud, en los 
45" Lat. S. El relleno postorogenico de estas cuencas 
ha sido de gran espesor y rapido y en todas ellas es 
dominante el car£cter volcanocl£stico de sus 
sedimentos, derivados de los arcos volc&ucos vecinos 
(tabla 3).

El neovulcanismo de la Cordillera Andina se 
desarrolla en tramos bien individualizados, los que 
tienen una directa relacidn con la diversa mecanica de 
subduccidn de la Placa de Nazca bajo el margen 
pacifico de la Placa Sudamericana (Nur y Ben-Avraham, 
1981). En esta forma, de sur a norte se puede apreciar la 
muy escasa actividad volcanica en la regidn de los 
Andes Sudpatagdnicos y Fueguinos. El neovolcanismo 
reci£n aparece bien representado a partir del Punto 
Triple (Herron y otros, 1981) donde la Dorsal de Chile 
intersecta el continente alrededor de los 46° Lat. S. 
hasta la Dorsal de Juan Fernandez, en los 33" Lat. S. El 
volcanismo vuelve a presentarse recien a partir de la 
denominada Dorsal Perdida hasta la Dorsal de Nazca y 
Defleccidn de Pisco, en los 15" Lat. S. En todo este 
tramo, tanto en la Cadena Andina como en el vecino 
Altiplano de Bolivia, es imponente el neovolcanismo 
local, tanto por su extensidn areal como por el 
volumen magm£tico eruptado. Finalmente un ultimo 
tramo volcanico, bien alejado del anterior, se presenta 
en los Andes Ecuatorianos-Colombianos (Cordilleras 
Occidental, Real, y Central) aproximadamente entre 
los 2° Lat. S. y los 6" Lat. N., es decir, enfrentando el
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sector comprendido entre las dorsales asismicas de 
Carnegie y Malpelo del Pacifico oriental (Lonsdale, 
1978) (fig. 1).

Otro grupo de cuencas sedimentarias es aquel que 
se desarrolla formando una orla perimetral costanera, 
particularmente a lo largo del literal Pacifico y 
Atlantico, y con menor expresidn dentro de los 
margenes transcurrentes del Caribe y de Scotia. Dado 
que su genesis es resultante de la expansidn del fondo 
oceanico y de la deriva de las placas continentales, 
ellas responden a dos ambientes tectdnicos: tensional 
o de expansidn (tipo Atlantico) y compresional o 
convergente (tipo Pacifico).

De las 17 cuencas marginales Atlantic as de 
Sudamerica, s61o se encuentran 7 (Tobago, Columbus 
(Galeota), Guianas, Salado, Colorado, Patagonia 
Oriental, y Malvinas Norte) dentro del area mapeada 
del Cuadrante Sureste. Se trata en su mayoria de cuencas 
con sedimentaci6n progradante que acompand el 
proceso de expansidn del fondo ocednico y la 
respectiva deriva continental. Poseen marcada 
asimetria y la mayor parte de ellas se inici6 durante la 
reactivacidn Wealdiana u Orogenia Subhercfnica, en la 
iniciacidn del "rift" oceanico (fig. 2 y tabla 4).

En el ambiente Pacifico, desde America Central 
hasta el Arco de las Antillas Australes o de Scotia, se 
alinea otra orla de cuencas marginales que responden a 
la mecanica subductiva pacifica, por cierto mucho mas 
complicada que el mar gen pasivo atlantico. Las 
cuencas relacionadas a este proceso se desarrollan unas 
veces por detr£s tierra adentro de una Cordillera 
Costera, estando limitadas al este por la Cordillera 
Occidental, como en el llamado Geosinclinal Bolivar 
de Colombia (Nygren, 1950). En otras regiones, 
cuencas de reducido tamano, asim£tricas, de relleno 
predominantemente marino, se expanden al oeste de la 
Cordillera de la Costa, ya sobre la angosta plataforma 
continental pacifica, como occurre con las de Daule, 
Progreso y Talara en la zona ecuatorial y en la 
guimalda de subcuencas marginales de la extensa costa 
peruano-chilena hasta el extreme austral del 
continente Sudamericano (tabla 5).

Las cuencas marginales paclficas se desarrollan 
sobre una potente y compleja secuencia de 
sedimentitas mesozoicas y (o) paleozoicas, 
metamorfitas y rocas intrusivas y volc£nicas que 
posiblemente representan un antiguo sistema de arco- 
fosa. A lo largo del margen Pacifico, a partir de la 
Peninsula de Santa Elena (Ecuador) hasta Alaska, hay 
grauvacas de aguas profundas, arcillitas y chert 
radiolariticos asociados con basaltos de almohadilla, 
gabros, y rocas ultramaficas del Mesozoico tardio 
(Drummond, 1986). Todas las cuencas costaneras 
pacific as corresponden al dominio antearco con 
respecto al ordgeno andino.

Finalmente, en la regidn Caribeana de 
Sudamerica, hay una serie de cuencas sedimentarias 
regidas por el complicado esquema tectdnico del 
Caribe. Algunas de ellas, como las cuencas 
Surcaribeanas, estan desarrolladas sobre corteza 
oce£nica, en tanto que las restantes son 
intracontinentales, como las cuencas Sinuatlantica, 
Bajo Magdalena, Goajira, Maracaibo, y Falcdn- 
Bonaire, teniendo las dos ultimas notable importancia

petrolera (tabla 6).
En el area abarcada por el Cuadrante Sureste se ban 

definido cerca de un centenar de cuencas y subcuencas 
sedimentarias. Muy largo seria describirlas 
individualmente. Para simplificar la presentacidn, se 
acompana, para cada grupo de cuencas, una 
informacidn sindptica que indie a: el nombre de la 
cuenca sedimentaria; pais donde est£ mayormente 
desarrollada; extensidn (en miles de km2); volumen 
sedimentario (en km3); espesor sedimentario maximo 
(en km); forma y geometria; rumbo del eje 
depositacional; edad del relleno sedimentario; edad del 
basamento; intensidad relativa del plegamiento y la 
fracturacidn expresado en grado mfnimo, suave, 
moderado, intense. Esta informacidn basica 
(modificada de Yrigoyen y Urien, 1988) nos permite 
definir, a grandes rasgos, cada una de las principales 
cuencas sedimentarias del sector pacifico sureste, 
indicando al mismo tiempo su caracterizacidn en 
cuanto a potencial de hidrocarburos, desde produccidn 
comercial a sdlo rastros (tablas 1 a 6).

En el Mapa de Recursos Energ6ticos del Cuadrante 
Sureste (Hoja 1) se ban senalado los limites de las 
principales cuencas sedimentarias. Para una mas clara 
visualizacidn, en la figura 2, las mismas cuencas con 
sus respectivos nombres y capacidad productiva, se 
han representado utilizando diferentes rastras que 
individualizan su caracterizacidn geoestructural. Se 
ilustran tambi£n 50 secciones columnares para 
destacar el relleno sedimentario de las cuencas m£s 
importantes. En ellas se indica la edad, el espesor, y la 
litologfa dominante de las unidades litoestratigraficas 
mayores, asi como la simbologia de los intervalos 
productivos de petrdleo y (o) gas natural.

Ademas del mapa de Recursos Energ£ticos para el 
Cuadrante Sureste de la Regidn Circum-Pacifica, el 
autor ha preparado un mapa adicional (Hoja 2) de las 
cuencas sedimentarias mayores, con secciones 
geoldgicas generalizadas de las mismas. En este mapa 
adicional se ilustran 30 secciones transversales. Para 
su preparacidn se utilizd informacidn graTica publicada 
y aun in£dita de diferentes autores, la que fue redibujada 
a una misma escala horizontal y vertical (exageracidn 
vertical x5) para una mas f£cil comparacidn 
estructural. Las solas excepciones son la seccidn 
transversal de la Cuenca Chaco-Paran£, en donde, 
debido a su larga extensidn, la escala horizontal del 
corte se redujo a la mitad de las restantes, y la seccidn 
transversal de las Cuencas de Trinidad en donde la 
escala horizontal se extiende un poco.

En el mapa de secciones transversales, el marco de 
color de cada una de las secciones identified el tipo 
geoestructural de las mismas (v.g., intracratdnico, 
pericratdnico, intra-arco, marginal antearco). Letras 
iniciales y colores destacan la edad de los intervalos 
depositacionales principales. En ciertos casos, la 
litologfa dominante de cada uno de ellos se representa 
por medio de simbolos standard. La ubicacidn 
geografica de cada seccidn estd indicada en el mapa.

En el siguiente capitulo se presenta una breve 
descripcidn de aquellas cuencas sedimentarias que 
encierran yacimientos gigantes de hidrocarburos, 
ordenados de acuerdo con la magnitud de la estimacidn 
de sus reservas recuperables.
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RECURSOS ENERGETICOS

Dentro el Cuadrante Sureste, la existencia de 
hidrocarburos explotables fue reconocida por los 
primeros colonizadores poco de spue's del 
Descubrimiento de America. Ya en el afto 1532 el 
Emperador Car los V autorizd oficialmente a los 
pobladores la extraccidn de "aceites minerales" y breas 
de la isla Caribena de Cubagua para ser utilizados con 
fines curativos. Esta primera noticia documentada 
podria torn arse como el inicio de la importante 
industria petrolera que posee la regi6n, la que, a fines 
de 1987, extraia diariamente 3.076.000 bbl de 
petrdleo y 5.562 millones de pies cubicos de gas 
natural (489.053 m3 de petrdleo y 157,5 millones de 
m3 de gas natural por dia), excluido aqui Brasil (tabla 
7).

La riqueza petrolifera y gasifera del Cuadrante 
Sureste estd principalmente distribuida en ocho paises, 
los que en orden de importancia por sus producciones 
acumuladas y sus reservas remanentes son: (1) 
Venezuela, (2) Argentina, (3) Colombia, (4) Ecuador,

(5) TrinidadAobago, (6) Peru, (7) Bolivia, (8) Chile 
(tabla 8).

Otra serie de datos, incluyendo reservas originales 
de petrdleo y gas, producciones acumuladas al 31 de 
diciembre de 1987 y el balance de reservas remanentes 
para cada una de las mayores cuencas sedimentarias y/o 
principales £reas productivas, se presenta dentro de la 
tabla 9.

Las principales caracteristicas, junto con los 
datos de recuperacidn final estimada y produccidn de 
todos los carnpos gig antes (de recuperacidn final 
estimada mayor de 500 millones de bbl de petrdleo 
y (o) mayor de 3 trillones de pies ciibicos de gas), se 
presentan en forma sindptica en la tabla 10 y figuras 3 
y 4. En igual forma, dentro de la tabla 11 y figuras 5 y 
6 se encuentra informacidn similar para seleccionados 
campos principales, es decir, con una recuperacidn 
final estimada mayor de 100 millones de bbl de 
petrdleo o 600 billones de pies ciibicos de gas.

CUENCAS PRODUCTIVAS CON CAMPOS GIGANTES DE PETROLEO Y GAS

FAJA PETROLIFERA DE ORINOCO Y CUENCA 
ORIENTAL (VENEZUELA)

Asf como en Sudame*rica se encuentra el 
yacimiento costa-afuera ma's grande (el campo 
Brasileno Marlin, con reservas estimadas de petrdleo 
de 636 millones de m3 = 4.000 millones de bbl), en 
el Cuadrante Sureste se halla la acumulacidn de 
petrdleo mas grande del mundo: la Faja Petrolifera del 
Orinoco, en el oriente Venezolano (fig. 3), con un 
volumen estimado de petroleo pesado y extrapesado 
in-situ de 187.800 millones de m3 (= 1.181.206 
millones de bbl). Hacia fines de 1986, las reservas 
comprobadas de la Faja eran de 4.161 millones de m3 
(= 26.171 millones de bbl), y las reservas adicionales 
de 14.822 millones de m3 (93.225 millones de bbl), de 
acuerdo con Martinez (1987).

Ubicada en el flanco sur de la cuenca de retroarco 
de Oriente (fig. 3), la Faja del Orinoco cubre un area de 
54.000 km2, consistiendo en un prisma de sedimentos 
terciarios acunados hacia el sur, en donde cubre 
discordantemente rocas cretacicas y paleozoicas, y aun 
del basamento Precambrico del Escudo de Guayana. 
Regionalmente, la estructura del area responde a una 
tectdnica tensional de fallamiento caracterizada por 
bloques rigidos prdcticamente sin evidencias de 
plegamiento. Sin embargo, el control dominante de la 
distribucidn de hidrocarburos es mayormente 
estratigraTico (tabla 2). Un 90 porciento del petrdleo 
esta" almacenado en cl£sticos fluviales y marinos 
miocenos de la Formacidn Oficina, en tanto que el 
resto se ha acumulado en reservorios del Cret£cico 
Superior. En la Faja Petrolifera del Orinoco, al igual 
que en la Cuenca Oriental de Venezuela (Oriental 
Basin), la principal roca generadora es la Formacidn 
Querecual, del Cenomaniano/Conaciano. Esta unidad 
de calcdreos y lutitas negras posee una capacidad 
generadora de 56 a 156 x 106 bbl/km3, y su area de

generacidn (Kitchen) ha sido estimada en unos 40.000 
km2.

Hasta el presente se ban descubierto 11 campos 
gigantes de petrdleo y/o gas (esto es con una 
recuperacidn final estimada de mas de 500 millones de 
bbl o 3 trillones de pies ciibicos de gas natural) dentro 
de la Faja del Orinoco. En el resto de la Cuenca 
Oriental, otros cinco campos gigantes de petrdleo y 
dos campos gigantes de gas (El Furrial y El Placer) se 
encuentran actualmente en produccidn y desarrollo.

CUENCA DE MARACAffiO (VENEZUELA)

La cuenca de mayor recuperacidn final de petrdleo 
y gas en el Cuadrante Sureste es, por mucho, la Cuenca 
de Maracaibo, tambie'n ubicada en territorio 
venezolano (fig. 2 y tabla 6). La recuperacidn final 
estimada total de esta cuenca es de 80.274 millones de 
bbl y unos 73 trillones de pies cubicos de gas natural 
(tabla 9). En la Cuenca de Maracaibo existen 12 
campos gigantes de petrdleo con una recuperacidn 
final de 43.794 millones de bbl de crudo y una 
produccidn acumulada de petrdleo de 27.437 millones 
de bbl hasta fines de 1987 (fig. 3).

El supergigante campo costanero de Bolivar (fig. 
7) es una de las mayores acumulaciones de 
hidrocarburos explotables del mundo. Este est£ situado 
a lo largo de 72 km de la costa noreste del Lago 
Maracaibo, desde Ambrosio a Bachaquero, teniendo en 
ciertos sectores hasta 49 km de ancho. Dado la 
extensidn de las areas productivas, en un principio se 
tuvo la creencia de que ex is ti an varies campos 
independientes (v.g., Ambrosio, La Rosa, Tia Juana, 
Lagunillas, Pueblo Viejo, y Bachaquero), pero, 
posteriormente, las perforaciones de desarrollo 
indiearon que se trataba de sdlo un enorme campo 
petrolifero de 35.000 millones de bbl recuperables de
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crudo. La seccidn productiva comprende las arenas 
deltaicas del Eoceno (Formaciones Trujillo y Misoa) y 
del Oligoceno (Formacidn Lagunillas). Reservorios de 
menor importancia son las arenas fluviales del 
Oligoceno (Formacidn Icotea) y las arenas 
transgresivas del Mioceno (Formacidn La Rosa). La 
roca generadora mas extendida de la Cuenca de 
Maracaibo es la Formacidn La Luna, del 
Cenomaniano/Conaciano. Esta unidad, depositada en 
un ambiente euxinico marino profundo, est£ 
compuesta por calcdreos organoge'nicos y lutitas 
calcdreas grises oscuras y negras, de un espesor 
promedio de 110 m. El potencial generador de 
hidrocarburos de la Formacidn La Luna ha sido 
estimado en 290 x 106 bbl/km3, siendo su area total de 
drenaje de hidrocarburos del orden de los 50.000 km2 
en la Cuenca de Maracaibo.

CUENCA DEL GOLFO DE SAN JORGE (ARGENTINA)

Dentro del Cuadrante Sureste, Argentina es el 
segundo pais petrolero, tanto por sus reservas como 
por su actual produccidn diaria de petrdleo. En ese pais 
hay cuatro campos gig antes de crudo y un campo 
gigante de gas natural (tablas 1 y 10, fig. 4). Dos 
yacimientos gigantes se ubican en la Cuenca del Golfo 
de San Jorge, donde se ubica el asi llamado primer 
yacimiento petrolifero de Argentina, el yacimiento 
Comodoro Rivadavia, descubierto el 13 de diciembre 
de 1907, cuando un equipo del estado perforaba en 
busca de agua subterranea para el puerto y poblacidn 
del mismo nombre (fig. 8).

Si bien se trata de una de las cuencas medianas de 
Argentina (alrededor de 88,000 km2), la cuenca del 
Golfo de San Jorge es la mas importante productora de 
petroleo del pais. Su relleno sedimentario se acumuld 
durante sucesivos episodios. Un sistema de fosas 
tensionales de orientacidn noroeste-sureste se 
desarrolld y rellend durante un episodic volcanico en 
el Tridsico y Jurasico Inferior. La regi6n continud su 
hundimiento y colmatacidn durante una fase de "rift" 
en el Jurasico Superior a Cretacico Inferior coincidente 
con la apertura inicial del Oc£ano Atlantico sur, dando 
lugar a la siguiente fase de depositacidn Cretacica. 
Finalmente, movimientos tensionales en el Cret£cico 
Superior a Terciario inferior con figuraron los 
lineamientos estructurales aun rectores de la cuenca, 
creando al mismo tiempo trampas estructurales a lo 
largo de fracturas gravitacionales.

En el Terciario medio, un episodio compresivo 
cre6 la cadena plegada de San Bernardo, orientada 
meridionalmente, la que muestra una inversi6n 
tectdnica de antiguas falias tensionales de graben a 
fracturacidn de corrimiento de bajo angulo. Con una 
marcada discordancia terciaria inferior/media, se 
produjo el solevantamiento y posterior erosidn de los 
depdsitos cret&cicos de los m£rgenes de cuenca, lo que 
dio paso a una sedimentacidn continental, 
volcanocldstica, y aun marina somera en la regidn 
durante el Cenozoico.

Las lutitas lagunares oscuras de la Formacidn D- 
129 del Cretiicico Inferior, constituyen la principal 
roca generadora hasta ahora identificada en la Cuenca 
de San Jorge. Gran parte de la producci6n de petroleo

proviene de arenas del Cretacico Medio/Superior asf 
como de arenas paleocenas en el Flanco Norte y en el 
Flanco Sur de la cuenca, asi como en su prolongacidn 
distal costa-afuera. Esta distribucidn sugiere que el 
petrdleo entrampado ha sufrido una migracidn vertical 
a lo largo de fracturas de graben reactivadas. Tobas, 
areniscas tob£ceas y otras manifestaciones de 
actividad ignea, se reconocen en todo el relleno 
sedimentario de la cuenca, lo que motiva que los lentes 
arenosos posean generalmente una pobre calidad de 
reservorio.

CUENCA NEUQUINA (ARGENTINA)

Otro campo gigante de petrdleo y gas es el de 
Loma de la Lata, dentro de la Cuenca Neuquina (fig. 5), 
que es una cuenca depositacional predominantemente 
jurasica y cretacica, rellenada por sedimentos clasticos 
marinos y continentales con carbonates y evaporitas 
subordinadas.

La sedimentacidn inicial del Jurasico Inferior 
hasta el Kimmeridgiano consistid en el relleno de un 
sistema de "rift" abierto en el Tri&sico Superior. 
Durante el Jurasico mas Superior alto y en el Cretacico 
Inferior, la cuenca evoluciond hacia un estadio 
subsidente que permitid la acumulacidn de espesas 
series de depdsitos clasticos y carbondticos. En el 
Cretacico Superior, luego de los movimientos 
subhercmicos, un espeso relleno postoroge'nico de 
capas rojas se extendid por toda la regidn durante una 
fase de subsidencia terminal. Todos esos depdsitos 
fueron cubiertos parcialmente por secuencias 
cenozoicas discontmuas, sincrdnicas con la fuerte 
orogenia Andina que ocurria mas al oeste.

La Cuenca Neuquina es la segunda gran productora 
de hidrocarburos de Argentina. Pr£cticamente casi 
todos los reservorios potenciales han resultado 
productivos en alguna parte de la cuenca. Sin embargo, 
las areniscas jurasicas denominadas Formacidn Lotena 
+ Punta Rosada y Formacidn Tordillo + Sierras 
Blancas, asi como los carbonates del Jur&sico 
Superior/Cretdcico Inferior de la Formacidn Quintuco + 
Loma Montosa, constituyen los mejores reservorios 
comerciales de la cuenca, ambos productivos de gas y 
petrdleo en el campo gigante de Loma de la Lata. Las 
lutitas negras de las Formaciones Los Molles y Vaca 
Muerta, de amplia distribucidn en la regidn, son las 
mas ricas generadoras de hidrocarburos de Neuquen. 
Fallamientos de bloques, transcurrencias y 
abovedamientos ocurridos en el Jurasico, 
sobreimpuestos por la subsiguiente deformacidn 
Andina, han dado lugar a numerosas trampas 
estructurales, las que, sumadas a otros factores 
estratigraTicos, son las que controlan las importantes 
acumulaciones de hidrocarburos de la Cuenca Neuquina.

CUENCA DE CUYO (ARGENTINA)

El ultimo yacimiento gigante de petrdleo de 
Argentina es el de Punta de Bardas-Vaca Muerta dentro 
de la cuenca triasica de Cuyo (fig. 4). Esta es una tipica 
cuenca continental pericratdnica intermontana con un 
estilo tectdnico transtensional tafroggnico (tabla 2). 
El relleno sedimentario del Triasico Medio a Superior,
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fue inicialmente cl£stico, luego volcano-clastico, y 
consistente en depdsitos de abanicos aluviales y 
llanura fluvial (Formacidn Cabras y Potrerillos) 
seguidos por lutitas lagunares de la Formacidn 
Cacheuta, en general aceptada como la principal 
generadora de los hidrocarburos producidos en la 
Cuenca de Cuyo. El Triasico cuspidal, Formacidn Rio 
Blanco, tras suave discordancia, es cubierto por 
depdsitos cl£sticos no-marinos y volcanicos 
neocomianos. Los movimientos del Cret£cico 
Superior a Terciario inferior iniciaron un nuevo ciclo 
erosivo y depositacional que dio lugar a espesos 
depdsitos terciarios de capas rojas. La secuencia 
cenozoica comienza con la Formacidn Papagayos, 
productora de petrdleo en algunos campos, la que es 
seguida por varies miles de metres de depdsitos 
continentales del Terciario superior.

Los pliegues y fracturas de la cuenca cuyana fueron 
mayormente originados en el Terciario y Cuaternario, 
pero algunas estructuras ya fueron delineadas en el 
Mesozoico. Las trampas estructurales controlan las 
mis importantes acumulaciones de petrdleo de la 
Cuenca de Cuyo, si bien varies campos se vinculan a 
entrampamientos estratigraTicos. En la porcidn 
productiva occidental de la cuenca, las estructuras son 
anticlinales asim£tricos fallados, desarrollados a lo 
largo de dos o tres alineamientos paralelos. El 
plegamiento asimetrico y los sobrecorrimientos, de 
rumbo meridional, disminuyen en intensidad de oeste a 
este para dar lugar finalmente a una amplia llanura 
intermontana controlada por fracturas. Los reservorios 
arenosos productivos se encuentran dentro de la 
seccidn triasica y en la secuencia basal terciaria, pero 
la Formacidn Barrancas del Cretacico Inferior es, por 
mucho, el mis importante intervalo productive de 
petrdleo en el campo gig ante Punta de Bardas-Vacas 
Muertas.

CUENCAS DELMAGDALENA MEDIO Y DE LOS 
LLANOS (COLOMBIA)

Colombia es el tercer pais gran productor de 
petrdleo del Cuadrante Sureste (tabla 7). Gran parte de 
la produccidn colombiana proviene de dos cuencas 
sedimentarias, en las que se ban descubierto hasta hoy 
dos campos gigantes de petrdleo. La primera de ellas 
es la cuenca del rfo Magdalena Medio (Middle 
Magdalena o Mid-Mag basin) (fig. 2), que es un 
semigraben alargado ubicado entre las dos cadenas 
orientales de los Andes Colombianos. Esta cuenca 
intra-arco posee un relleno sedimentario, Cretacico a 
Reciente, de mas de 12 km de espesor. La segunda es la 
Cuenca de los Llanos (Llanos Basin) (fig. 2), que se 
extiende como una suave llanura desde el pie oriental 
de los Andes hasta el Escudo Guayanes. Si bien hoy 
aparecen netamente separadas, es importante destacar 
que la Cuenca de los Llanos y la Cuenca del Magdalena 
estuvieron conectadas durante todo el Cretacico y el 
Terciario inferior, registrando una historia geoldgica 
similar. El depocentro cretacico de la primitiva Cuenca 
Magdalena/Llanos coincide con el actual 
emplazamiento de la Cordillera Oriental, en la que 
afloran mas de 11.000 m de sedimentos cretacicos. 
Ambas cuencas desarrollaron su presente

configuracidn durante y despu£s de la Orogenia 
Andina, miocena y pliocena, que motivd una rapida 
subsidencia de sus margenes occidentales.

El mayor yacimiento petrolffero de la Cuenca del 
Magdalena Medio es el de La Cira-Infantas, un 
anticlinal fallado en el que las arenas productivas 
eocenas suprayacen discordantemente la secuencia 
cr^tacica, dislocada y truncada. Los niveles 
productivos del Eoceno (Formacidn La Paz) y del 
Oligoceno (Formaciones Mugrosa y Colorado) 
almacenan mas de 520 millones de bbl de petrdleo, de 
los que se ban producido, hasta 1987, unos 459 
millones de bbl. Se considera que el Cretacico, y mas 
probablemente el Paleoceno, constituyen las rocas 
generadoras de hidrocarburos de la cuenca.

Por su parte, la Cuenca de los Llanos es una cuenca 
depositacional preferentemente clastica, desde el 
Paleozoico hasta el Terciario, perteneciente al 
dominio pericratdnico Sudamericano. De marcada 
asimetrfa, la mayor estructuracidn se encuentra en el 
firente de montana, en donde los esfuerzos compresivos 
asociados con la Orogenia Andina ban originado series 
de plegamientos y fracturacidn de sobrecorrimiento 
buzante al oeste. Un cuadro de fracturas antit£ticas 
constituye el principal control de entrampamiento en 
la Cuenca de los Llanos. Practicamente todos los 
descubrimientos de hidrocarburos realizados hasta hoy 
estan relacionados con este sistema de fallamiento.

La actividad exploratoria de los Llanos de 
Colombia ha sido muy ciclica. El primer sondeo 
exploratorio perforado en 1944 puso en evidencia un 
yacimiento petrolero que luego resultd sub-comercial. 
Reactivaciones exploratorias se registraron tambien 
en 1958, 1969, y, finalmente, en 1980, lo que dfo por 
fruto el descubrimiento del Yacimiento de Arauca, 
cercano a la frontera con Venezuela. Nuevamente se 
intensified la exploracidn en 1983, y atin continua 
activamente despu£s del gran descubrimiento del pozo 
Caflo Limdn X-2, que comprobd producciones 
comerciales de petrdleo de la Formacidn Mirador 
(Eoceno superior) con un caudal de 10.690 bbl diarios 
de petrdleo de bajo contenido de azufre y una densidad 
de 31 s Instituto Norteamericano del Petrdleo (API). 
Perforaciones de desarrollo corroboraron el 
descubrimiento de un campo gigante con una 
recuperacidn final estimada de mas de un billdn de bbl 
de petrdleo (fig. 9). La produccidn actual del area de 
Carlo Limdn es de 209.000 bbl de petrdleo por dia.

CUENCA DE ORffiNTE (ECUADOR)

El siguiente pais productor de petrdleo del 
Cuadrante Sureste es Ecuador, no sdlo por su presente 
produccidn sino tambien por sus reservas cubicadas 
(tablas 7 y 8). La cuenca mas productiva en Ecuador es 
la Cuenca de Oriente que, al igual que la Cuenca de los 
Llanos de Colombia, se extiende desde los 
contrafuertes orientales de los Andes hasta acunarse en 
el este sobre el Escudo Guayanes, con una extensidn 
areal de mas de 100.000 km2. La cuenca se hunde 
regionalmente hacia el sur y, como tfpica cuenca 
pericratdnica, es asim£trica, con una seccidn 
sedimentaria mas gruesa, plegada y fallada en el frente 
de montana. Mas de 10 km de espesor de sedimentos
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del Paleozoico hasta Holoceno se depositaron en una 
depresidn de retroarco. Los sedimentos mas antiguos 
reconocidos son del Silurico Superior. La seccidn 
prospectiva se asienta discordantemente sobre un 
basamento pre-Cret£cico cl£stico/volc£nico, 
pobremente documentado. Se inicia con una arenisca 
basal cret£cica, la Formacidn Hollin (Albiano a 
Aptiano), que es una de las principales rocas reservorio 
de la Cuenca de Oriente. Sobre, e*sta se asienta 
transicionalmente la Formacidn Napo (Cenomaniano a 
Campaniano) tambie*n con intervales arenosos muy 
productivos que se intercalan entre lutitas negras y 
calizas, ricas en materia organica, las que constituyen 
la roca generadora del petrdleo. Las acumulaciones de 
hidrocarburos tienen principalmente un control 
estructural, ubicadas a lo largo de anticlinales fallados 
de rumbo norte-sur; sin embargo, un control 
estratigrifico parece evidente en ciertas zonas.

Dos yacimientos petroliferos gigantes fueron 
descubiertos en 1969: los campos Shushufmdi y 
Sacha (fig. 10). Estos anticlinales tienen un muy 
suave relieve estructural  tipico de los campos 
gigantes de Oriente y extensiones de 35 a 28 km de 
largo, respectivamente. En el Campo Shushufmdi las 
producciones comerciales provienen de las arenas V y 
T de la Formaci6n Napo, las que encierran 1.35 
millones de bbl recuperables, en tanto que, en el 
Campo Sacha (753 millones de bbl recuperables) las 
producciones provienen preferentemente de la 
Formacidn Hollin (69 porciento) y de la arena U (21 
porciento) de la Formacidn Napo. Terminado en 1972, 
el oleoducto Troncal Transecuatoriano (diametro 26 in 
y 498 km de largo) es la via de evacuacidn de petrdleo 
de la Cuenca de Oriente, con una capacidad de 250.000 
bbl por dia. Este oleoducto se inicia en la cabecera del 
yacimiento de Lago Agrio a 550 m de altura sobre el 
nivel del mar, cruza los Andes en elevaciones mdximas 
de 4.063 m, para luego descender a la costa del 
Pacffico, en Puerto Esmeraldas.

CUENCA DE PROGRESO (ECUADOR)

Esta cuenca marginal Pacifica, extendida desde el 
Golfo de Guayaquil hasta el noroeste de Peru, contiene 
hasta 8.000 m de lutitas, fangolitas, y arenas post- 
oligocenas. La seccidn sedimentaria es mayormente 
miocena, con algunos depdsitos marinos del Plioceno 
y Pleistocene. En 1970 se realizd el descubrimiento de 
un campo gig ante de gas natural en el Golfo de 
Guayaquil (fig. 11). La recuperacidn final estimada 
para este yacimiento gasifero, todavfa no desarrollado, 
es de tres trillones de pies cubicos de gas natural.

CUENCA DE TALARA (PERU)

La Cuenca de Talara o del Noroeste Peruano est£ 
ubicada en la regidn costanera Pacifica, al oeste de la 
Cordillera Costera de los Andes (fig. 11). Solamente 
un segmento de la cuenca se desarrolla tierra adentro, 
ya que gran parte de la misma se extiende bajo el mar, 
en donde puede conectarse con otras cuencas 
marginales terciarias a lo largo de la costa occidental 
del norte del Cuadrante Sureste (Progreso, Daule, y 
Sechura; tabla 5). La Cuenca de Talara alberga mas de

8.000 m de sedimentos cUsticos marinos y 
transicionales hasta fluviales del Campaniano al 
Eoceno superior. El principal intervalo productivo de 
hidrocarburos esta" constituido por los depdsitos 
fluviales, deltaicos, y turbiditicos de la Formacidn 
Parinas del Eoceno inferior. Otras producciones han 
sido obtenidas descendiendo en su orden de magnitud, 
de reservorios del Paleoceno (Formacidn Salina- 
Mogoll6n), y del Eoceno medio y superior 
(Formations Talara y Verdun). Finalmente, areniscas 
del Oligoceno y Mioceno han aportado algun petrdleo 
en el ahora agotado yacimiento de Zorritos, cercano a 
la frontera Ecuatoriana dentro de la Cuenca del 
Progreso. El cintur6n m6vil andino de la regidn de 
Talara ha sido fracturado en innumerables bloques por 
un intricado sisstema de fallas, preferentemente 
directas, que poseen desplazamientos que van desde 
centimetres hasta cientos de metros. Todos los 
cercanos manaderos de petrdleo y los afloramientos de 
gas estan localizados en la faja mdvil del norte y oeste 
de la cuenca.

Un campo petrolifero gigante, La Brea-Parinas, 
descubierto en 1869, ha sido explotado por mas de un 
siglo, alcanzando una produccidn acumulada, al 31 de 
diciembre de 1987, de 539 millones de bbl de petr61eo. 
La recuperacidn final estimada de este antiguo campo 
La Brea-Parinas ha sido estimada en el orden de los 592 
millones de bbl. Si nos referimos a toda la regidn de 
Talara, la recuperacidn final estimada se eleva a los 
1.100 millones de bbl de petrdleo.

CUENCA DE UC AYALI (PERU)

Ubicada en la regi6n central del Perti, en las 
proximidades del Rio Urubamba, se extiende la Cuenca 
del Bajo Ucayali perteneciente al dominio 
pericrauSnico (tabla 2). El relleno sedimentario de esta 
cuenca se compone de depdsitos paleozoicos, 
jurasicos, cret£cicos, y terciarios, los que en conjunto 
alcanzan hasta 5.500 m de potencia, por sobre el 
Basamento Precdmbrico Andino. Entre 1984 y 1986 se 
han descubierto importantes acumulaciones de gas 
natural en esta remota regidn escasamente poblada. 
Dos yacimientos gasiferos gigantes, San Martin y 
Cashiriari, poseen recuperaciones finales estimadas en 
tres y ocho trillones de pies cubicos de gas natural, 
respectivamente (tabla 10). Las producciones de estos 
enormes anticlinales provienen de reservorios 
arenosos cretacicos que se encuentran a profundidades 
entre los 3.900 m (Campo San Martin), y los 2.440 m 
(Campo Cashiriari). Ambos yacimientos, asf como 
otros descubrimientos gasiferos de la zona, se 
encuentran todavfa cerrados debido a la falta de 
instalaciones y sistema de transporte.

CUENCAS DE TRINIDAD-TOBAGO

Ubicada en lei extreme mas oriental del cinturdn 
mdvil Venezolano, los principales elementos 
estructurales de las Cuencas de Trinidad-Tobago 
corresponden a extensiones later ales de los rasgos 
tectdnicos presentes mis al oeste. En esta forma, se 
reconocen de norte a sur los elementos siguientes: 
Cordillera Norte (= Cordillera Costanera de Venezuela),
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Falla El Pilar; Cuenca Nortena, Cordillera Central, 
cinturdn sobrecorrido de Naparima, la prolffica Cuenca 
Surena, y fmalmente la Cordillera Sur (fig. 12).

El relleno sedimentario reconocido se inicia con 
gruesos depdsitos clasticos marinos profundos del 
Jurasico y Cretacico Inferior, los que hacia el sur pasan 
a depdsitos de shelf hacia el Escudo de Guayana. Mas 
tarde, en el Cretacico, la Cordillera Norte sufrid 
sobrecorrimientos con vulcanismo asociado, al mismo 
tiempo que la Cordillera Central estaba sometida a 
continue solevantamiento. En el Paleoceno y en el 
Eoceno, movimientos transcurrentes dextrdgiros se 
desarrollaron en la Cordillera Norte a lo largo de la 
Falla El Pilar, la Cordillera Central fue solevantada y 
erosionada, y persistiendo en la Cuenca Sur la 
depositacidn de sedimentos de aguas profundas. 
Durante el Oligoceno, la sedimentacidn marina 
profunda se extendid a toda la regidn al sur de la 
Cordillera Norte. En el Mioceno inferior, junto con 
otra reactivacidn de los sobrecorrimientos en la 
Cordillera Central, la Cuenca Norte comenzd a 
rellenarse con sedimentos de aguas someras, en tanto 
que, en la Cuenca Sur se distribuian depdsitos 
turbiditicos, al tiempo que tenia lugar una 
estructuracidn contempor£nea a lo largo de 
corrimientos, diapiros de barro, y fallas 
transcurrentes. Todas las cuencas fueron rellenadas por 
depdsitos palustres durante el Plioceno. En el post- 
Plioceno la reactivacidn de los corrimientos y la 
intrusidn de diapiros terminaron de configurar 
complejas trampas estructurales en muchos de los 
yacimientos petroliferos mayores.

Buen numero de campos gigantes de petrdleo y 
gas se han descubierto en las Cuencas de Trinidad- 
Tobago, iniciandose en tierra en 1913 con el Gnipo 
Fizabad (recuperacidn final estimada = 850 millones de 
bbl), luego seguido por el Yacimiento Soldado 
(recuperacidn final estimada = 600 millones de bbl) en 
aguas costa afuera del Golfo de Paria (tabla 10). Hay

muchos otros campos de petrdleo en la isla, tales 
como Point Fortin, Erin, Palo Seco, Morne Diablo, 
Penal, Oropuche, Trinity, Catshill, Moruga, Balata, 
Navette, y otros. Las areniscas miocenas (Formacidn 
Forest/Moruga y Cruse) constituyen los principales 
reservorios petroliferos. Los mecanismos de 
entrampamiento mis frecuentes son las barreras de 
permeabilidad pendiente arriba, las acumulaciones de 
truncamiento bajo discordancia, y los acunamientos de 
las arenas sobre o en los flancos de diapiros de barro 
contempordneos. El petrdleo posee una densidad 
promedio de 23° API.

Actualmente se desarrolla una activa exploracidn 
orientada hacia areas costa-afuera, tanto en la Cuenca 
Occidental de Tobago, al norte, como en las Cuencas 
Columbus/Galeota, en el este y sur. Descubrimientos 
significativos se han efectuado siendo preferentemente 
de gas natural, tales como el gigante Gnipo de la Costa 
Norte (recuperacidn final estimada tres triHones de 
pies cubicos) y el gigante Gnipo Galeota (mas de siete 
trillones de pies cubicos recuperables de gas natural). 
En este ultimo caso los horizontes productivos son 
mayormente de edad pliocena (Formaciones Gros 
Morne y Saint Hilaire) hasta pleistocena, como en los 
yacimientos gasiferos de Queen's Beach y Manzanilla 
Oriental, dentro del Oc£ano Atlantico tropical.

ACTIVIDAD PERFORATORIA

En el Cuadrante Sureste de la Regidn Circum- 
Pacifica se desarrolla actualmente una intensa actividad 
perforatoria llevada a cabo por empresas estatales y 
companias privadas (tabla 12). Durante 1987 se 
encontraban activos 147 equipos de perforacidn. El 
resultado de tal actividad fue la terminacidn de 1.738 
pozos en el ano, de los cuales 252 eran sondeos 
exploratorios. De estos ultimos, 94 pozos resultaron 
productivos, lo que arrojd un altisimo porcentaje de 
e"xito exploratorio del 37 porciento.

ARENAS BITUMINOSAS

Denominamos arenas bituminosas a aquellas 
arenas impregnadas de petrdleo a partir de las cuales no 
puede extraerse dicho hidrocarburo por metodos 
convencionales de produccidn. La densidad del 
petrdleo es generalmente prdxima a los 10° API o aun 
menos. Depdsitos significativos de arenas 
bituminosas se indican con un tramado punteado color 
verde en el Mapa de Recursos Energ£ticos del 
Cuadrante Sureste. Gigantescos depdsitos de arenas 
bituminosas se encuentran en Venezuela; depdsitos 
menores se hallan tambie'n en Colombia, Trinidad, 
Ecuador, y Peril

La acumulacidn mas grande de asfalto o bitumen 
del Cuadrante Sureste la constituyen las arenas 
petroliferas miocenas del Cinturdn de Brea del 
Orinoco, o Faja Bituminosa del Orinoco, como era 
llamada desde tiempos histdricos. Las arenas 
bituminosas se presentan aquf como un depdsito basal 
de cufia sedimentaria o su depdsito de borde, en donde 
el prisma sedimentario terciario traslapa sobre el 
Basamento Precambrico del Escudo de Guayana. La faja 
bituminosa ha sido ya tratada con cierto detalle en un

capitulo previo intitulado Faja Petrolifera del Orinoco 
como se la designa actualmente, luego de comenzar la 
produccidn de petrdleos pesados pocos anos atras. El 
bitumen aqui no se expone directamente en superficie. 
El mecanismo de entrampamiento es presumiblemente 
debido a acunamiento de las arenas reservorio 
pendiente arriba o por el propio sello de los bitumenes 
o breas.

Otros depdsitos similares, aunque mas pequenos, 
de arenas bituminosas, han sido registrados en 
Colombia y Ecuador, estando ubicado el mayor de ellos 
al oeste del campo gigante de petrdleo Sacha, cerca del 
pie oriental de los Andes. Tambien depdsitos 
significativos de arenas bituminosas se hallan en el 
Sur de Peru, en la regidn cordillerana vecina a las 
cabeceras de los Ribs Indio Muerto y Yauca.

Si bien no relacionado directamente con las 
anteriores arenas bituminosas, es v&lido mencionar 
que en el Cuadrante Sureste, el mayor depdsito de 
asfalto puro hasta aqui descubierto en el mundo es el 
Lago de Asfalto de Guanoco, tambien denominado 
Lago de Bitumen Berrmidez. Su hallazgo fue inform ado

22



en 1875 y puesto en primitiva produccidn en 1901. 
Ubicado en el estado de Monagas, Venezuela oriental; 
el Lago de Asfalto de Guanoco cubre una extensidn de 
mas de 450 hectareas, conteniendo asfalto semiliquido 
hasta una profundidad de 6 m. El asfalto exuda de varies 
manantiales, y permanece blando y semiliquido por 
debajo de una costra dura, parcialmente cubierta por 
vegetacidn y charcos de agua. Otro gran afloramiento 
de petrdleo pesado es el Lago de Brea (Pitch Lake), en 
el sudoeste de la isla de Trinidad, prdximo a la costa del 
Golfo de Paria. En este caso se trata de una depresidn 
groseramente circular de unos 610 m de diametro y mas

de 40 m de profundidad. El depdsito de asfalto proviene 
de arenas continentales pliocenas de la Formacidn La 
Brea, en donde cubren un domo de escaso relieve 
estructural. La recuperacidn final del Pitch Lake ha sido 
estimada en m£s de 25 millones de toneladas de 
asfalto. Lagos de asfalto y depdsitos de brea son 
conocidos en la Cuenca Cretacica de Oran, en el norte 
Argentine. Resulta obvio que su nombre sea tambien 
Laguna de la Brea, denominacidn que recibiera ya en el 
ano de 1885.

LUTITAS BITUMINOSAS

Los depdsitos de lutitas bituminosas del 
Cuadrante Sureste estdn representados en el mapa 
Recursos Energe'ticos por una rastra de lineado verde. 
Existe una drastica diferencia entre los cuadrantes 
Sureste y Noreste de la regidn Circum-Pacifica en lo 
que respecta a la existencia de dep6sitos de lutitas 
bituminosas. Las gigantescas extensiones de lutitas 
bituminosas del oeste de los Estados Unidos, con 
trillones de bbl equivalentes de petr61eo (Drummond, 
1986), estan totalmente ausentes en nuestra area, 
donde solamente algunos depdsitos modestos de 
lutitas bituminosas han sido documentadas en Chile y 
Argentina. En Chile, varies afloramientos han sido 
senalados en los Andes Patagdnicos, cercanos al 
limite internacional argentino-chileno, entre los 34 y 
35° Lat. S. Aqui las lutitas bituminosas estdn 
intercaladas dentro de sedimentos paralicos de la 
regresidn jurasica andina. Otros yacimientos de rocas 
semejantes se han registrado en Huantajaya, unos 20 
km al este de Iquique, dentro de sedimentos del Jurasico 
Superior, siendo tambie'n de edad similar (Oxfordiano- 
Kimmeridgiano) las lutitas bituminosas de El Pular, 
cerca de la frontera con Argentina, a los 24° 25' Lat. S. 
Probablemente, los mayores volumenes de lutitas de 
interns econdmico en Chile se encuentran en 
sedimentos lagunares eocenos del area de Lonquimay, a

los 38° 35' Lat. S. El procesamiento de las lutitas 
bituminosas de Lonquimay se estima produciria unos 
17 millones de bbl equivalentes de petrdleo de 
esquisto, pero actualmente este proyecto resulta no 
comercial.

En Argentina, varies depdsitos de lutitas 
bituminosas de tamano reducido estan presentes en las 
pelitas lacustrinas obscuras de la seccidn tridsica 
superior de la Cuenca de Cuyo (yacimientos Cacheuta, 
Papagayos, Divisadero Largo, y El Quemado, en la 
Provincia de Mendoza). Estos modestos afloramientos 
no alcanzan a tener tamanos e importancia como para 
ser senalados en el mapa. El unico que est£ 
representado es el depdsito de lutitas bituminosas de 
Rincdn Blanco, en el oeste de la Provincia de San 
Juan, unos 150 km al norte del Cerro Aconcagua, en 
los 32° Lat. S. Las rocas bituminosas son margas y 
lutitas negras de edad tri&sica superior, que poseen un 
contenido de kerdgeno del 3 al 4 porciento. La 
produccidn estimada de las lutitas bituminosas de 
Rincdn Blanco es de 45 millones de toneladas me'tricas 
de petrdleo de esquisto, con un poder calorffico de 
18.000 BTU/lb. Lo remote de la zona, la carencia de 
agua y las dificultades de acceso hacen que la 
explotacidn del yacimiento de Rincdn Blanco resulte 
al presente no comercial.

CARBON

En el Mapa de Recursos Energe'ticos los depdsitos 
de carbdn del Cuadrante Sureste estdn senalados con 
rastras color pardo, las que indican el tipo (rango) del 
mineral y su extensidn areal. La clasificacidn por 
rango esti basada en el porcentaje de carbdn fijo y el 
valor calorifico, expresado en BTU/Ubra. Si bien 
existen ciertas diferencias entre los paises, en general 
los ranges son aquellos establecidos por la Asociacidn 
Americana de Ensayos de Materiales (ASTM, 1983). 
Esta clasificacidn est£ resumida en la tabla 13. En los 
mapas suplementarios de recursos carboniferos (fig. 
13 y 14) se senalan las ubicaciones geograficas y los 
nombres de los depdsitos principales, en tanto que, en 
la tabla 14 se sintetizan las principales caracteristicas 
de los depdsitos, indicdndose dentro de cada pafs el 
nombre del depdsito, la edad del mineral, el rango 
ASTM del mismo, numero de capas o secciones 
productivas, tamano y contenido del azufre y cenizas 
del mineral, expresado en porcentajes.

Los depdsitos comerciales de carbdn del

Cuadrante Sureste varian de rango desde antracita hasta 
lignites y turbas. Estos depdsitos son de edades del 
Paleozoico superior, Triasico, Jur£sico, Cretacico, y 
Terciario. Los depdsitos de turba son en su mayoria 
cuaternarios.

Las estimaciones aproximadas de los principales 
yacimientos de carbon del Cuadrante Sureste dan un 
total de 46.600 millones de toneladas me'tricas de 
reservas comprobadas y adicionales. Los depdsitos 
comerciales de turbas publicados estan en el orden de 
208 millones de toneladas metricas. Debido a la 
escasez de datos sobre calidad, espesores, extension, y 
profundidad de los depdsitos, la relevancia de estas 
cifras en lo que hace a reservas recuperables es un tanto 
incierta.

Como se demuestra en la tabla 15, en donde se da 
la distribucidn de reservas por rango y por pafs, los 
mayores recursos carboniferos del Cuadrante se 
encuentran en Colombia, con un total de 20.000 
millones de toneladas me'tricas, seguidos por los de
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productor mas grande de carbdn, con una extraccidn 
cere ana a los 15 millones de toneladas metric as 
anuales (tabla 16). Aqui el carb6n se encuentra en 
numerosas cuencas individuales del Terciario inferior. 
Estas se ubican en los valles intermontanos a lo largo 
del pie y en los flancos de los Cordones Andinos y 
Caribeanos, asi como en sus prolongaciones al norte y 
al naciente. Ochenta porciento de estas reservas 
carboniferas se ubican en las Provincias de 
Cundinamarca y Boyacd, siendo El Cerrejdn, el mas 
importante yacimiento individual, con una reserva 
estimada de mis de 1.600 millones de toneladas 
me'tricas. La extensidn areal de este yacimiento 
paleoceno es de 38.000 ha, a una profundidad de 200 m

bajo la superficie. El actual proyecto de explotacidn 
del Cerrejdn, con un costo de 3.000 millones de 
ddlares estadounidenses, tendr£ un ritmo de produccidn 
sostenida del orden de 15 millones de toneladas 
me"tricas por ano.

Los carbones de Colombia y de Venezuela son 
preferentemente del Terciario inferior, y su rango es de 
carbon bituminoso. Los carbones peruanos, del 
Cretacico Inferior, son antraciticos, en tanto que los 
carbones terciarios Chilenos y Argentines, son de 
rango subbituminoso a lignito. Depdsitos 
cuaternarios de turbas han sido individualizados en 
Argentina, Bolivia, y Ecuador.

RECURSOS GEOTERMICOS

En el Mapa de Recursos Energ&icos del Cuadrante 
Noreste (Drummond, 1986) se indie an tres tipos de 
datos geotermicos: los campos geotermicos que han 
sido identificados, aquellos explotados para generar 
energia electrica, y fuentes termales con una 
temperatura de superficie superior a los 50° Celsius. 
Los sistemas de convexidn hidrotermal se han dividido 
ademas entre sistemas que ya estan generando energia 
electrica y los que actualmente estan en proceso de 
desarrollo.

Pra'cticamente la totalidad de las areas geoterm ales 
consideradas se distribuyen a travel de la franja 
volcanica calcoalcalina del Plioceno-Cuaternario, que 
se extiende a lo largo de los Andes. Este hecho permite 
inferir que la fuente de calor que da origen a las aVeas de 
actividad hidrotermal proviene de la actividad 
volcanica. El vulcanismo, en algunos sectores, puede 
tambie"n estar relacionado con cuerpos magmdticos 
emplazados cerca de la superficie, entre los 3 y 10 km 
de profundidad, los cuales podrian aportar importantes 
cantidades de calor a los sistemas geotermales. De este 
modo es posible considerar las zonas volc£nicas 
cuatemarias de los Andes como otras zonas orogenicas 
jdvenes y de in tens a actividad volcanica de la regi6n 
Circum-Pacifica.

En las figuras 15 y 16 indie an los sitios 
geotermicos mis importantes del Cuadrante Sureste. 
Resulta muy evidente que la cadena de volcanes de la 
regidn oeste de America Central y Sur constituye un 
£rea con alto potencial de energia geote"rmica. 
Siguiendo en parte a Drummond (1986), dentro de estas 
areas, El Salvador ha desarrollado el campo geotermico 
Ahuachapan. Esta usina produce en la actualidad 95 
megawatts y es la primera planta geote"rmica 
construida en America Central. Ademds estan siendo 
estudiados en la actualidad los campos geote'rmicos de 
Chinameca, Berlin, y San Vicente. Guatemala est£ 
proyectando instalar una planta de 15 megawatts en 
Zunil. Existen muchas a>eas en Guatemala que parecen 
promisorias, pero aun se requieren mas tareas de 
exploracidn. Nicaragua posee una planta de 35 
megawatts que opera en el flanco sur del Volcdn 
Momotombo en el Lago Managua. Costa Rica est£ 
desarrollando el campo geotermico Miravalles. Se

proyecta ponerlo en funcionamiento en 1990, con un 
potencial energeiico de 32 megawatts, y posiblemente 
se construir£ una planta adicional de 50 megawatts. 
En Panam£ se han identificado siete dreas como 
localidades geotermicas, pero es precise aun realizar su 
evaluacidn.

La primera planta geoteimica instalada en Sud 
America se encuentra en el campo volcanico geotermal 
Copahue en la zona centro-oeste de la Argentina, al pie 
de los Andes. Esta pequena planta de 670 kilowatts fu6 
puesta en operacidn a principles de 1988. En la misma 
Provincia del Neuquen se halla el Volcan Domuyo, con 
abundantes fuentes termales, fumarolas, y geisers, 
siendo 6sta un area de estudio con muy alto potencial 
de energia geotermica. Existen en la Argentina varias 
areas mis cuyo potencial geoteimico ya ha sido 
evaluado, tales como Taco-Ralo/Rio Hondo (Provincia 
de Santiago del Estero) y VolcSn Tuzgle (Provincia de 
Salta). En Chile se est£ estudiando el desarrollo del 
potencial geotermico en la parte norte del pais, en las 
localidades de El Tatio, Puchuldiza, y Surire. En 
Colombia, los Volcanes Ruiz y Chies, Azufral de 
Tuquerres, y Paipa son areas potenciales. Se estan 
evaluando cinco dreas en Ecuador: Cuenca-Azogues, 
Chimborazo, Chalupas, Imbabura-Cayambe, y Tufino- 
Chiles-Cerro Negro. En Peru est£ siendo evaluado el 
potencial geotermico de seis dreas: la cadena 
volcanica del sur, la region de Puno, la regidn de 
Huancavelica-Huancayo, la region Central 
(Cajatambo-Cerro Pasco), la regidn de Ancash, y la 
regidn de Cajamarca. En Venezuela se han identificado 
dos regiones geotermicas: Barcelona-Cuman£ y Pilar- 
Casanay. Las potentes fuentes termales del Volcan 
Pomarapa y el £rea de Pulacayo en Bolivia muestran 
tambien evidencias de poseer importantes recursos 
termales, pero en ellas es precise efectuar mas trabajos 
de exploracidn para evaluar su potencial energ&ico.

Todas las principales regiones y localidades 
geotermales del Cuadrante Sureste se han senalado en 
la tabla 17, pafs por pais. Luego del nombre de la 
localidad se indie an tambi^n las temperaturas de 
superficie y el tipo de fuente hidrotermal. La ubicacidn 
geogrifica de todas las localidades mencionadas en la 
tabla 17 est£ senalada en las fig. 15 y 16.
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APENDICE I

FACTORES DE CONVERSION

1 metro cubico de petrdleo y pentanos+ 
(101,325 kilopascals y 15° Centigrados)

1 metro cubico de gas natural
(101,325 kilopascals y 15° Centigrados)

1 tonelada m£trica

6,29287 bbl
(35 galones imperiales)

35,49373 pies cubicos 
(14,65 psia y 60" Fahrenheit)

2.240 libras 
1,12 toneladas

APENDICE II

LISTA DE ABREVIATURAS US ADAS

Ingles

ASTM American Society for Testing and Materials: Sociedad Norteamericana de 
Ensayo de Materiales

API American Petroleum Institute: Institute Norteamericano del Petrdleo

B mil millones (109)

bbl barril

BCF mil millones de pies cubicos

b/d barriles/dia

cf pies cubicos

cf/d pies cubico s/dia

EUR recuperacidn final estimada

M mil (103)

MCF mil pies cubicos

MM millon (106)

MMB milkm de barriles

T trilldn (1012)

TCP trilldn de pies cubicos
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APENDICE III

GLOSARIO

Petrdleo Crudo. Una mezcla de hidrocarburos que se recupera en una fase liquida en condiciones atmosfericas de 
presidn y temperatura a travel de un pozo perforado en un reservorio subterraneo natural. Puede incluir pequenas 
cantidades de fluidos no hidrocarburados producidos con los liquidos.

Los ranges acceptables para la clasificacidn de petrdleos crudos por densidad, sugerida por el grupo de estudio del 
Congreso Mundial de Petrdleo (Martuiez y otros, 1984) son los siguientes:

Pesado, 10-22,3° gravedad API (1000-920 kg/m3)
Media, 22,3-31,1' gravedad API (920-870 kg/m3)
Liviano, mas de 31,1" gravedad API (menos de 870 kg/m3)

Deben agregarse a estos, las definiciones de Meyer y otros (1985):
Extra pesadoy menos de 10" gravedad API (mas de 1000 kg/m3) pero m6vil en el

reservorio, y por tanto, obtenible en la perforation. 
Bitumen, menos de 10° gravedad API (mas de 100 kg/m3) e inmdvil en el reservorio.

Recuperacidn Fined Estimada (EUR). Una estimatidn del total de reservas que podran ser producidas ultimamente de 
un campo o complejo de campos. El EUR incluye la produccidn cumulativa y las reservas remanentes establecidas, 
y puede incluir una estimacidn de futuras adiciones debido a extensiones y nuevos ensayos de produccidn.

Campo (= yacimiento). Un area consistente en un solo reservorio o un conjunto de ellos relacionado a un mismo 
rasgo geoldgico, estructural o estratigraTico.

Grupo de Campos (= grupo de yacimientos). Un area que abarca dos o ma's campos en estrecha proximidad y que 
comparten un cardcter geo!6gico comun. Ejemplos son los campos separados por fallas como los del Complejo A. 
I. Bermuda de Mexico y los arrecifes de Pindculo de Rainbow, Canada".

Gravedad, API. Una norma adoptada por el American Petroleum Institute (Institute Norteamericano del Petrdleo) 
para expresar la densidad especifica del petrdleo. A menor densidad especifica, mayor gravedad API. Gravedad API 
= (141,5/densidad especifica a 60" F) 131,5.

Hidrocarburo. Compuestos qufmicos que consisten totalmente de hidr6geno y carbono.

Reservas Initiates Establecidas. Una estimacidn de las reservas totales originales, previa a cualquier produccidn, 
que pueden ser recuperadas con tecnologia actual y bajo las condiciones econdmicas presentes, probadas por 
perforacidn, prueba produccidn mas las reservas recuperables interpretadas con razonable certeza.

Reservas remanentes establecidas. Son las reservas initiates establecidas menos la producci6n cumuladva.

Gas Natural. Una mezcla de hidrocarburos y pequenas cantidades de varias sustancias no hidrocarburadas que 
existen en la fase gaseosa o en solucidn con crudos en reservorios naturales subterraneos y que son gaseosos en 
condiciones atmosfericas de presidn y temperatura. El gas natural estd generalmente clasificado en dos categorias 
basadas en el tipo de ocurrencia en el reservorio.

Gas No Asociado. Gas natural libre, sin contacto con petrdleo crudo en el reservorio.
Gas Asociado. Generalmente incluye gas disuelto y asociado.

Gas Crudo. Gas natural tal como es producido del reservorio y que incluye cantidades variables de hidrocarburos 
mas pesados que se licuan en las condiciones atmosfe'ricas, vapor de agua, compuestos sulfurosos (como sulfuro de 
hidrdgeno), y otros gases como didxido de carbono, nitrdgeno, o helio.

Gas Comerciable. Gas natural obtenido de un gasoducto despu6s de retirar ciertos compuestos hidrocarburados y no 
hidrocarburados presentes en el gas crudo y el cual reune las especificaciones para uso dom£stico, comercial, o 
industrial. Excluye el combustible utilizado en yacimiento y plantas, asi como volumenes perdidos, a excepcidn 
de los relacionados al reprocesamiento de plantas.

Liquidos del Gas Natural. Aquellos hidrocarburos del reservorio que son separados del gas natural como liquidos, ya 
sea en el reservorio a travel de condensatidn retrograda o en la superficie por medio de condensatidn, absorcidn, u 
otros m£todos en los separadores de campo y plantas de gas. Generalmente tales liquidos consisten de propano e 
hidrocarburos mas pesados, y son comunmente referidos como gases de petrdleo condensados y licuados. Donde
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hidrocarburos m£s livianos que el propano se recuperan como liquidos, estos componentes tambie'n se incluyen en 
los liquidos del gas natural.

Arenas bituminosas. Arena y otros materiales rocosos impregnados con petrdleo crudo clasificado como bitumen. 
La gravedad esta" generalmente en el rango de 10° API y menos (mas de 1000 kg/m3), inmdvil en el reservorio, y 
generalmente no recuperables por me'todos de extraccidn convencionales. Frecuentemente referidas como arenas de 
alquitran y breas.

Lutitas petrollferas (= lutitas bituminosas). Lutitas que contienen substancias generadoras de petr61eo 
denominadas kerdgeno.

Adicidn de pentanos. Una mezcla principalmente de pentanos e hidrocarburos ma's pesados, que ordinariamente 
pueden contener algunos butanos, y que es obtenida del procesado de gas crudo, condensado o aceite crudo.

Petrdleo sintetico. Una mezcla de hidrocarburos que se derivan del tratamiento del bitumen de las arenas 
bituminosas o del kerdgeno de las lutitas petrollferas.
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Sinu-Atlantic
Upper and Middle Magdalena 

Lower Magdalena 
Guajira

Maracalbo 
Barlnas

-Oo Falcbn-Bonalre 
Oriental 
Tobago 
Galeota

Orinoco Oil Belt 
Llanos
Cauca 
Putumayo
Napo-Orlente

Takutu 
Pastaza 

Santiago
Bagua 
Amazon 

Marafton 
Huallaga 

Ucayall 
Madre de Dlos

Navidad
MataquKo

Chanco
Itata

Temuco
Arauco

Valdlvla

Salar de Atacama 
Tarlja

Oran-Olmedo
Salinas 

Cuyo
Neuquen

Chaco Parana 
Laboulaye 

Macachln 
Ririhuau
Salado 

Colorado 
Valdes-Rawson 

San Jorge

EXPLANATION

Major sedimentary basins — 
Hydrocarbon-producing basins 
shown in bold type

^•^••••:| Intracratonic basin

Backarc pericratonic basin

Intra-arc basin

Caribbean basin 

I I Marginal forearc basin 

l+ + +l Basement rocks

1500 KILOMETERS

1000 MILES

Figure 2. Index map showing location of major sedimentary basins in Southeast Quadrant of Circum-Pacific region. Basin
boundary dashed where approximately located. 

Figura 2. Mapa indicie que muestra la ubicaci6n de principales cuencas sedimentarias en el Cuadrante Sureste.
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EXPLANATION 
- - - Basin boundary
• Oil field
* Gas field

Figure 4. Index map showing basins with giant oil and gas fields containing estimated ultimate recoveries greater than
500 million barrels of oil or 3 trillion cubic feet of gas in southern segment of Southeast Quadrant of Circum-
Pacific region (refer to table 10). 

Figura 4. Mapa indicie que muestra cuencas con carnpos petrdleos con recuperaciones ultimas estimadas mas que
500 millones de barriles o 3 trillones de pies ctibicos de gas nautral en el segmento meridional del Cuadrante
Sureste.
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19 Voile Herflioso
20 Co. Dragon, Co, Grande
21 El Trebol
22 Tordillo
23 Pampa del Cast
24 Koluol Kayke

EXPLANATION 
- - - Basin boundary

• Oil field
* Gas field

Figure 6. Index map showing basins with major oil and gas fields containing estimated ultimate recoveries between
500 and 100 million barrels of oil or 3 trillion cubic feet to 600 billion cubic feet of gas in southern segment
of Southeast Quadrant of Circum-Pacific region (refer to table 11). 

Figura 6. Mapa indicie que muestra cuencas con campos mayores con recuperaciones ultimas estimadas entre 500 y
100 millones de barriles de petrdleo o 3 trillones a 600 billones de pies cubicos de gas natural en el segmento
meridional del Cuadrante Sureste.
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LAGUNILLAS

PUEBLO 
VIEJO

EXPLANATION
Depth to Eocene unconformity— 

In feet. Dashed where approxi 
mately located.

BACHAQUERO

Fault—Dashed where approxi 
mately located

Proved productive area 

Eocene outcrop area
CEUTA"Shoreline of Maracaibo Lake

Figure 7. Giant Bolivar Coastal Field (shaded), estimated ultimate recovery of 35,000 million barrels of oil, Maracaibo Basin,
Venezuela. 

Figura 7. El Campo Costero de Bolivar, un campo gigante petrdlero con una recuperacidn ultima estimada de 35.000 millones
de barriles, Cuenca de Maracaibo, Venezuela.
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LAGO AGRIO FIELD (1967)
38 Weds PARAHUACU FIELD

5 Wells

ATACAPI FIELD
6 Wells

Trunk pipeline to

DURENO-QUANTA FIELD
10 Wells

AGUARICO FIELD
10 Wells

SACHA FIELD (1969)
110 Wetts >1

SHUSHUFINDI FIELD (1969)
73 Wells 

EUR 1.35 Billion Bbl.

YUCA FIELD
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YUCA SUR FIELD
CULEBRA FIELD

2 Wells

AUCA FIELD (1970)
25 Wells

LIMIT OF 
—— EXPLOITATION AREA

AUCA SUR FIELD
2 Wells

5 10 15 20 25 KILOMETERS

RUMIYACU FIELD
1 Well

CONONACO FIELD
12 WellS

EXPLANATION

Productive area 
EUR Estimated ultimate recovery

Figure 10.—Giant (indicated by bold type) and major oil fields of Oriente Basin, Ecuador. 
Figura 10.—Campos gigantes Qetras negras) y mayores de petroleo de la Cuenca Oriente, Ecuador.
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76° W

Cuativo 
Sta. Paula

/ 
LA BREA-PARINAS-r-"

EUR 592 MMB

EXPLANATION

W V 
VVV

AA/V 
A A A

Igneous intrusive rocks

Cenozoic volcanic cover
Mesozoic volcanic rocks with deep water 
sediments

MMB Million barrels TCP Trillion cubic feet

Precambrian igneous, metamorphic, 
and metasedimentary rocks

Folded sedimentary rocks 

Oil field -%^y> Gas field 

EUR Estimated ultimate recovery

Figure 11.—Giant (indicated by bold type) and major oil fields of western marginal basins, Peru-Ecuador (after
Drummond, 1986). Basin boundary dashed where approximately located. 

Figura 11.—Campos gigantes (letras negras) y mayores de petrdleo de las cuencas marginales occidentales, Peril-Ecuador
(Dnimmond, 1986).
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.xx- Chacaltaya - Chuquiagujiio 
• *- Monte Blanco

choca- \ \* Apl1la"'Pa-San Pedr 
Totora Uncia

EXPLANATION 

A Anthracite 
T Bituminous coal
• Subbituminous coal

• Lignite 
X Peat

Figure 14.—Selected coal deposits in southern segment of Southeast Quadrant of Circum-Pacific region (refer to table 14). 
Figura 14.—Depdsitos selecionados de carbdn en el segmento meridional del Cuadrante Sureste.
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PERU Marcapata—
Oliaechea

Puquio—o

Matilde 
o-Urmin BOLIVIA
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Caid. Mu/atos

eetrohue Llaulhuan 
Sotomo

de Llancahoe

EXPLANATION 
o Geothermal site 
A Geothermal project 

Geothermal plant

Figure 16.—Major geothermal sites in southern segment of Southeast Quadrant of Circum-Pacific region (refer to table 17). 
Figura 16.—Sitios geotermicos mayores en el segmento meridional del Cuadrante Sureste.
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Table 1.—General characteristics of the main intracra tonic basins 

Tabla 1.—Caracteristicas generates de las mayor-es cuencas intracratonicas 
[Italic indicates noncommercial hydrocarbon shows; bold indicates hydrocarbon production]

Basin

Taktitu
Amazonas
Pound

Chaco-Parand

Alhuampa

Laboulaye
Macachih
Valdes
Rawson
San Jorge

Country Surface 

(knAlOOO!)
Guyana
Brazil
Argentina,
Uruguay,
Paraguay,
Brazil
Argentina,
Uruguay
Argentina,
Paraguay
Argentina
Argentina
Argentina
Argentina
Argentina

12
1250
1440

510

50

42
18
25
20
88

Sedimentary 
volume 

Gcm3xlOOO)
48

2400
2500

1000

100

60
24
45
50

222

Sedimentary thickness 
(km)

Average
4.0
2.0
1.8

2.0

2.0

1.2
1.5
2.0
2.5
2.5

Maximun
5.5
6.0
4.0

6.0

3.2

1.5
2.5
2.5
5.5
6.0

Shape and 
geometry 

i
Elongated
Elongated
Elipsoidal

Trapezoidal

Elongated

Trapezoidal
Elongated

Oval
Elongated

Oval

Azimuth of 
depoaris

NE-SW
E-W

NNE-SSW

NE-SW

NE-SW

WNW-ESE
NNW-SSE

N-S
N-S
E-W

Sedimentary 
fill

\ J, K
ft, JKv.T
ft,"*, K, T

ft. "&, K, T

ft, "&, K, T

"R.K.T
K,T
K,T

K, T, Q
J. K,T

Age of 
basement

p€
p€
p€

pC-ft

p€

pC-ft
p€-ft

ft
Jv

ft-Jv

Folding

Moderate
Minimal
Moderate

Moderate

Mild

Minimal
Minimal
Minimal
Moderate
Minimal

Fracturing

Strong
Moderate
Moderate

Moderate

Mild

Minimal
Moderate
Minimal
Moderate
Moderate

Table 2.—General characteristics of the main pericratonic basins
Tabla 2.—Caracteristicas generates de las mayores cuencas pericratonicas

[Italic indicates noncommercial hydrocarbon shows; bold indicates hydrocarbon production; —, no data]

Basin

Oriental-
Orinoco

Barinas-
Apure

Meta-
Llanos

Putumayo

Napo

Pastaza

Upper
Ucayali

Lower
Ucayali

MadreDios

Bent

Santa Cruz

Robore
Tarija

Oran-
MeUn

Cuyo
Neuquln

Nirihuau.

Magallanes

Malvinas

Country Surface 

(knAilOGO)
Venezuela

Venezuela

Colombia

Colombia

Peru

Peru

Peru

Peru

Peru

Bolivia

Bolivia

Bolivia
Bolivia,
Argentina
Argentina,
Paraguay
Argentina
Argentina

Argentina

Argentina,
Chile
Argentina

176

128

100

66

32

122

60

160

70

125

66

25
76

142

143
120

8

195

140

Sedimentary 
volume 

(knAlCOCO
840

350

310

300

90

360

150

450

280

429

185

97
286

350

361
290

16

470

300

Sedimentary thickness 
(km)

Average
3.0

2.5

3.0

3.0

3.0

3.0

3.0

3.0

4.0

3.5

2.8

3.9
3.8

2.6

2.5
2.6

2.0

2.5

2.5

Maximum
13.0

4.0

5.0

5.0

10.0

5.0

4.0

5.5

7.0

—

—

11.0
_

5.7

6.0
6.5

2.2

8.0

9.5

Shape and 
geometry

Elongated

Trapezoidal

Elongated

Trapezoidal

Trapezoidal

Oval

Oval

Oval

Trapezoidal

Elongated

Trapezoidal

Elongated
Elongated

Elongated

Elongated
Triangular

Elongated

Elongated

Elongated

Azimuth of 
depoaxis

E-W

NE-SW

SW-NE

NE-SW

NE-SW

N-S

NW-SE

NW-SE

NW-SE

NW-SE

NW-SE

E-W
N-S

NE-SW

N-S
N-S

N-S

NNW-SSE

NE-SW

Sedimentary 
fill

ft, J, K. T

ft, K,T

ft. K,T

"&. J, K. T

"&, J, K, T

ft. J. K. T

ft. J, K. T

ft. J. K, T

ft. \ K. T

ft. K.T

ft. K,T

ft. K, T
ft. "&, K, T

K.T

"&.K, T
J.K.T

K.T

K.T.Q

K.T. Q

Age of 
basement

p€-ft

pC-ft

pC

pC

pC

pC

pC

pC

pC

pC-ft

ft

ft
ft

ft.

pG-ft
ft,*

pC-T

ft,Jv

ft, Jv

Folding

Minimal

Moderate-
strong

Moderate-
strong

Strong-
moderate
Strong-

moderate
Strong-
moderate
Strong

Strong-
moderate
Moderate-

strong
Moderate-

strong
Moderate-

strong
Moderate
Moderate-

strong
Mild-
strong

Moderate
Moderate-

strong
Moderate

Moderate

Minimal

Fracturing

Strong

Strong

Strong

Strong

Strong

Strong

Strong

Strong

Moderate-
strong

Moderate-
strong

Moderate-
strong

Moderate
Moderate-

strong
Moderate

Moderate
Moderate-

strong
Moderate-

strong
Moderate

Moderate
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Table 3.—General characteristics of the main intra-arc basins

Tabla 3.—Caracteristicas generates de las mayores cuencas intra-arco
[Italic indicates noncommercial hydrocarbon shows; bold indicates hydrocarbon production]

Basin

Upper-Mid.
Magdalen*

Cauca
Titlcaca-

Altiplano
Antofagasta-
Atacama

Temuco
Osorno-
Llanauihue

Country Surface 

(kn&lOOQ
Colombia

Colombia
Peu-
BoKvia
Chile

Chile
Chile

70

32
70

45

21
21

Sedimentary 
volume 

Ckm3xlCOq>
250

60
280

90

51
51

Sedimentary thickness 
Ckm)

Average
3.8

2.0
4.0

2.0

2.4
2.4

Shape and 
geometry

Azimuth of 
depoaxis

Sedimentary 
fill

Age of 
basement

Folding Fracturing

Maximum
10.0

3.0
8.0

3.6

2.5
4.0

Elongated-
asyiiuuetncal

Elongated
Trapezoidal

Elongated

Elongated
Elongated

NNE-SSW

NNE-SSW
NNW-SSE

NE-SW

N-S
N-S

J, K.T

K, T
"RK.T

J, K.T

J. K,T
K, T

p€-J

£ft
•R

pC-fe
pC-fe

Moderate-
strong

Moderate
Moderate

Moderate

Mild
Mild

Moderate-
strong
Strong

Moderate

Moderate-
strong

Moderate
Moderate

Basin

Table 4.—General characteristics of the main Atlantic marginal basins

Tabla 4.——Caracteristicas generales de las mayores cuencas marginales Atldnticas 
[Bold indicates hydrocarbon production; —, no data]

Country Surface Sedimentary Sedimentary thickness
volume (km)

(knPxlOOP) Average Maximum

Shape and 
geometry

Azimuth of Sedimentary Age of 
depoaxis fill basement

Folding Fracturing

Tobago

Columbus
(Galeota)
Guianas

DelSalado 
Del Colorado 
Patagonia

(Mental 
Malvinas
Norte

Trinidad,
Tobago
Trinidad,
Tobago
Guyanas

31

3

171

Argentina 90
Argentina 126
Argentina —

Argentina 45

100

380

290
425

110

3.2

4.5

3.0 
2.5

2.5

5.0 

1.2 

9.0

8.5 
7.0 
7.0

4.0

Elongated- 
asymmetrical 

Oval

Elongated

Elongated 
Elongated 
Elongated

Oval

N-S

E-W

WNW-ESE

NW-SE 
E-W
N-S

NE-SW

K,T

T 

K.T

K.T 
K.T 
K.T

K.T.Q

Oceanic 
crust 
Pre-T

p€

pC-ft 
pC-fe

Jv?

Moderate- 
strong 

Moderate- 
strong 

Moderate- 
strong 

Minimal 
Minimal 
Minimal

Strong 

Strong 

Strong

Moderate 
Moderate 
Moderate

Minimal Moderate
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Table 5.—General Characteristics of the main Pacific marginal basins

Tabla 5.——Caracteristicas generates de las mayores cuencas marginales Padficas
[Italic indicates noncommercial hydrocarbon shows; bold indicates hydrocarbon production; —, no data]

Basin

Mid America

Coronado

Chiriqui
Azuero
Darien
Atrato
San Juan
Tumaco
Manabt
Daule
Progreso
Talara
Sechura
Salaverry
Trujillo
Lima
Pisco
Arequipa-
Tarapaca

Navidad
Mataquito
Chanco
Itata
Arauco
Valdivia
Pucatrihue
Chiloe

Penas
M. deDios
D. Ramirez

Country Surface 

(knAlOOO)
Costa Rica to
Mexico
Costa Rica

Panama
Panama'
Panama
Colombia
Colombia
Colombia
Ecuador
Ecuador
Ecuador
Peru
Peru
Peru
Peru
Peru
Peru
Peru, Chile

Chile
Chile
Chile
Chile
Chile
Chile
Chile
Chile

Chile
Chile
Chile

132

12

15
28
25
14
20
26
22
18
23
32
33
50
28
19
25
43

5
6
4
6
7
8
6

30

8
36
19

Sedimentary 
volume 

(km3xlOOO>
370?

22

38
59
60
56
80
78
33
31
46
%
82

100
—
—
—

120

10
12

8
13
14
16
18
60

12
72
38

Sedimentary thickness 
(km)

Average
2.8

1.8

2.5
2.1
2.4
4.0
4.0
3.0
1.5
1.7
2.0
3.0
2.5
2.0
—
_
—
3.0?

2.0?
2.0
2.0
2.2
2.0
2.0
3.0
2.0

1.5?
2.0
2.0

Shape and 
geometry

Azimuth of 
depoaxis

Sedimentary 
fill

Age of 
basement

Folding Fracturing

Maximum
8.0

3.0

4.0
4.0
6.0
9.0
9.0
7.0
5.0
3.0
8.0
8.0
4.0
4.0
—
_
—
4.0

3.0?
3.0
3.5
4.0
2.5
_
4.0
4.0

3.0?
5.0
4.0

Elongated

Elongated

Oval
Trapezoidal
Elongated
Elongated
Elongated
Elongated

Oval
Oval

Elongated
Elongated
Elongated
Elongated
Elongated
Elongated
Elongated
Elongated

Elongated
Elongated
Elongated

Oval
Elongated
Elongated
Elongated
Elongated

Oval
Elongated
Elongated-

asymmetrical

ENE-WSW

ENE-WSW

E-W
NW-SE

NNE-SSW
N-S
N-S
N-S
N-S
N-S

NNE-SSW
N-S
N-S

NNW-SSE
NNW-SSE

NW-SE
NNW-SSE

NW-SE

NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW

N-S
N-S
N-S
N-S

N-S
N-S

NW-SE

(K),T

T

T?
T
T

(K).T
T
T
T

K,T
K,T
K.T
K,T
K,T
K, T
K,T

K?, T
K?, T

T
K?, T
K,T
K.T
K,T
T
T
T

K,T
?

J

J?

J?
ft-Jv?

ft
KV
Kv

Kv?
Kv
ft
Kv
ft

ft-Jv
ft?
ft?
ft?
ft?
ft?

ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft

Moderate-
Strong

Moderate-
Strong
Strong
Strong
Strong
Strong
Strong
Strong

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Moderate?
Moderate

Strong
Mild

Moderate
Moderate
Moderate

Strong

Strong
Moderate?

Strong

Strong

Strong

Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong

Moderate
Moderate
Moderate
Moderate
Moderate

Moderate?
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate-

strong
Strong?
Strong?
Strong?

Table 6.—General characteristics of the Caribbean basins

Tabla 6.—Caracteristicas generates de la Cuencas Caribeanas
[Bold indicates hydrocarbon production]

Basin Country Surface Sedimentary Sedimentary thickness Shape and
volume ____ (km) geometry 

Qan3xlOOOE Average Maximum

Azimuth of Sedimentary Age of 
depoaxis fill basement

Folding Fracturing

Sinu-Atlantic Colombia

Lower Colombia 
Magdalena

Guajira Colombia,
Venezuela

Maracalbo Venezeula

Falc6n- 
Bonaire

Venezuela

45

33

16?

63

40?

125

150

27

344

107

3.0 

4.9 

2.1 

6.5 

3.0

10.0 Elongated- 
asymmetrical 

8.5 Elongated

NE-SW

N-S

5.6 Elongated W-E 

10.8 Triangular N-S 

6.3 Triangular SW-NE

K.T

(K),T

T

K.T 

(K),T

Oceanic 
crust 
preK

p€-ft

Strong Strong

Moderate- Moderate 
strong 
Strong Strong

Moderate- Strong 
strong 
Strong Strong
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Table 7.——Oil and Gas production by country in 1987 

Tabla 7.——Produccidn de petrdleo y gasporpais en 1987

[Sources: DeGolyer and MacNaughton, (1988); and International Petroleum Encyclo 
pedia, (1988). bbl, barrels; BCF, billion cubic feet]

Table 9.—Estimated initial and remaining reserves by major basin 
and {or) producing area

Tabla 9.—Reservas iniciales y remanentes estimadas de las 
principales cuencas y (o) areas productivas

Country Crude oil (1000 bbl) Natural gas Number of Daily average 
Per year Per day (BCF/year) producing wells per well (bM)

Argentina 156,343 428.3 676 9,477 45.20 
Bolivia 6,890 18.9 146 275 68.64 
Chile 10,922 29.9 36 336 89.06 
Colombia 140,598 385.2 146 2,913 132.23 
Ecuador 68,620 188.0 4 899 209.12 
Peru 60,040 164.5 36 3,531 46.59 
Trinidad- 59,181 162.1 110 3,186 50.89 
Tobago 

Venezuela 620,135 1.699.0 876 10,914 155.67
Total 1,122,729 3.075.9 2,030 31,531 99.68

Table 8. —— Estimated initial and remaining reserves by country 

Tabla 8. —— Reservas iniciales y remanentes estimadas par pais

[Sources: Argentine Secretariat of Energy; Degolyer and MacNaughton, (1988); 
CEPE (Ecuador); PetroPeru (Peri); Venezuelan Ministry of Energy and Mines. 
MMB, million barrels; BCF. billion cubic feet; n.a., data not available]

Country Initial Cumulative Remaining 
reserves production reserves 

(as of 12-31-87) (as of 1-1-88)
Oil Gas Oil Gas Oil Gas 

(MMB) (BCF) (MMB) (BCF) (MMB) (BCF)
Argentina 7.972 40,389 4,612 11,233 3,360 29,156 
Bolivia 655 6,684 294 1,350 361 5,334 
Chile 553 7,765 353 3,565 200 4,200 
Colombia 4,749 8,537 2,721 4,594 2,028 3,943 
Ecuador 4,188 n.a. 1,302 n.a. 2,886 4,025 
Peru 2,134 n.a. 1,677 n.a. 457 11,500 
Trinidad- 3,278 15.110 2,396 4,910 882 10,200 
Tobago 
Venezuela 135,285 172,064 40,402 50,416 94,883 121,648

Total 158,814 — 53.757 — 105,057 190,006

[raiviD, muuu

Basin or area

Tarija 
Oran 
Cuyo 
Neuquen 
SanJorge 
Magallanes 

Total

Santa Cruz 
Tarija 
Chaco 
Total

Magallanes 
(Mainland) 

Magallanes 
(T. del Fucgo) 

Magallanes 
(Offline) 

Total

Arauca 
Meta 
Casanare 
Putumayo 
Lower 

Magdakna 
Upper/Mid 

Magdalen* 
Guajira 

Total

Oriente 
Daule 

Total

Talara 
Progreso 
Sechura 
Marafion 
Ucayali 
Titicaca 

Total

Initial Cumulative 
reserves production 

(as of 12-31-87)
Oil

(MMB)

359 
111 

1,161 
2,512 
3,281 

548
7,972

225 
410 
20

655

n.a. 

n.a. 

n.a.

553

1,100 
264 
126 
263 
116

2,780 

100
4,749

3,954 
234

4,188

1,339 
103

661 
31 
.3

2,134

Gas Oil
(BCF) (MMB)

ARGENTINA1
6,427 129 

263 80 
289 970 

21,622 1,069 
3,950 2,161 
7,838 203

40,389 4,612
BOLIVIA*

4,072 164 
612 US 

2,000 15
6,684 294

CHILE3.*
n.a. 122 

n.a. 153 

n.a. 78

7,765 353
COLOMBIA*.*

692 113 
58 105 
25 11 
86 226 

n.a. 7

n.a. 2,259 

n.a. —
8,537 2,721

ECUADOR3-6
n.a. 1,186 
n.a. 116
n.a. 1,302

PERU7
n.a. 1,195 
n.a. 6 
n.a. — 
n.a. 451 
n.a. 25 
n.a. .3
n.a. 1,677

Gas
(BCF)

2,105 
147 
225 

3,648 
2,839 
2,269

11,233

n.a. 
n.a. 
n.a.

1,350

n.a. 

n.a. 

n.a.

3,565

500 
n.a. 
n.a. 
n.a. 
n.a.

n.a. 

n.a.
4,594

n.a. 
n.a.
n.a.

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a.
n.a.

Remaining
reserves 

(as of 1-1-88)
Oil 

(MMB)

230 
31 

191 
1,443 
1,120 

345
3,360

61 
295 

5
361

n.a. 

n.a. 

n.a.

200

987 
159 
115 
37 

109

521 

100
2,028

2,768 
118

2,886

144 
97

210 
6

457

Gas
(BCF)

4,322 
116 
64 

17,974 
1,111 
5,569

29,156

n.a. 
n.a. 
n.a.

5,334

n.a. 

n.a. 

n.a.

4.200

192 
n.a. 
n.a. 
n.a. 
n.a.

n.a. 

n.a.
3,943

n.a. 
n.a.

4,025

400 
200 
100

10,800

11,500
TRINIDAD and TOBAGO*

Southern 
Basin 

Southeast 
Coast 
Columbus 
Shelf 

W.Tobago 
Basin 

Total

Maracaibo 
Falcon 
Barinas 
Oriental

Total

2,284 

994

3.278

80.274 
225 

1,763 
53,023

135.285

n.a. 1,837 

n.a. 559 

7.000 

3,000

15,110 2,396
VENEZUELA8

72,906 30,995 
159 11 
74 566 

98,925 8,731
172,064 40,402

4,910 

nU

4,910

27,573 
65 
24 

22,754
50,416

447 

435

882

49,279 
115 

1.197 
44.292
94,883

5,110

2,090 

3,000

10,200

45,333 
94 
50 

76,171
121,648

Data Sources:
iYacimientos Petroliferous Fiscales 5Empresa Colombiana de Petrdleos 
(YPF) (Ecopetrol)

^Estknaled 6 Compaflfa Estatal Petrolera Ecuatoriana 
3DeGolyer and MacNaughton, (1988) (CEPE) 
^International Petroleum Encyclopedia 7Petro'leos del Peru S.A. (PetroPeru)

Venezuelan Ministry of Energy and Mines
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Table 10.——Giant oil and gas fields (estimated ultimate recovery of more than 500 MMB and (or) 3 TCP)

Tabla 10.——Campos gigante de petrdleo y gas (recuperacidn final estimada mayor de 500 millones de barriles y (o)
3 trillones de pies cubicos de gas) 

[ MMB, million barrels; TCP, trillion cubic feet; —, no data. See figures 3 and 4 for location of selected basins and fields]

Major reservoir

Fieldname
South Flank

Group
North Flank

Group
Loma de la Lata

(Upper)
Loma de la Lata

(Lower)
PuntaBardas/
VacasMuerta

La Cira-Infantas

CanoLimoh

Shushufindi
Sacha
Amistad
La Brea - Parinas

San Martin
Cashiriari
Fyzabad Group

Soldado

East Coast

Galcota Group

North Coast
Group

TiaJuana

Bachaqero

Lagunillas

Lama

Ceuta

Cabimas

Boscan

Urdaneta

Centro

Lamar

LaPaz

MencGrande

Santa Rosa

Mata

Guara

Oficina
Cerro Negro
San Diego
Iguana
Jobo
Morichal
Santa Clara
Quiriquire

Uverito
Bare
Sur

Melones

Arecuna
ElFurrial
El Placer

Country
Argentina

Argentina

Argentina

Argentina

Argentina

Colombia

Colombia

Ecuador
Ecuador
Ecuador

Peru

Peru
Peru

Trinidad

Trinidad

Trinidad

Trinidad

Trinidad

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela
Venezuela
Venezuela
Venezuela
Venezuela
Venezuela
Venezuela
Venezuela

Venezuela
Venezuela
Venezuela

Venezuela

Venezuela
Venezuela
Venezuela

Year 
Basin discovered Age

San Jorge

San Jorge

Neuquen

Neuquen

Cuyo

Middle
Magdalena

Arauca

Oriente
Oriente

Progreso
Talara

Ucayali
Ucayali

South Basin

South Basin

S.E Coast

Galeota

W. Tobago

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Maracaibo

Oriental

Oriental

Oriental

Oriental
Orinoco
Orinoco
Orinoco
Orinoco
Orinoco
Orinoco
Oriental

Orinoco
Orinoco
Orinoco

Orinoco

Orinoco
Oriental
Oriental

1946

1907

1977

1977

1961

1925

1983

1969
1969
1970
1869

1984
1986
1913

19S4

1961

1968

1971

1928

1930

1926

1957

1956

1917

1946

1956

1957

1958

1925

1914

1941

1954

1946

1917
1979
—
—

1956
1958
—

1928

1981
—
—

1934

_
1985
1984

Jurassic/
Cretaceous
Cretaceous/

Tertiary
Cretaceous

Jurassic

Triassk/
Cretaceous
Cretaceous/

Tertiary
Cretaceous/

Tertiary
Cretaceous
Cretaceous
Tertiary(?)

Tertiary

Cretaceous
Cretaceous

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Cretaceous/
Tertiary

Cretaceous/
Tertiary
Tertiary

Tertiary

Cretaceous/
Tertiary

Cretaceous/
Tertiary 

Cretaceous/
Tertiary

Cretaceous/
Tertiary
Tertiary

Tertiary

Tertiary

Tertiary

Tertiary
Tertiary

—
—
—
_
_

Cretaceous/
Tertiary
Tertiary

—
Cretaceous/

Tertiary
Tertiary

_ _
Tertiary
Tertiary

Lithology
Sandstone

Sandstone

Limestone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone
Sandstone

conglomerate
Sandstone
Sandstone
Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone
Sandstone

—
—
—
_
_

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Average

1600-8500

2000-
10,500

5200-7200

6200-8200

7200-8000

3250

7500-8200

7500-8900
7800-9300

—
5500

12,800
8800

3000-8000

4000-8000

5000-
11,000
8000-
14,000
11,000

3500

3450

3000

10,000

—

2200

8800

10,000

10,000

12,500

11,400

8000

10,600

9500

7800

6900
—
—
—
—

3300
_

7000
—
—

14,000

5200
_
—
—

Type of trap
Fault Mock

Fault block

Stratigraphic,
structural

Stratigraphic,
structural
Anticline

Anticline

Fault Mock

Anticline
Anticline
Anticline

Fault blocks

Anticline
Anticline

Stratigraphic,
structural

Stratigraphic,
structural

Stratigraphic,
structural

Stratigraphic,
structural

Stratigraphic,
structural

Stratigraphic
fault

Stratigraphic
fault

Stratigraphic
fault

Stratigraphic
fault

Stratigraphic
fault

Stratigraphic
fault

Anticline,
Stratigraphic

Anticline,
Stratigraphic
Anticline,

Stratigraphic 
Anticline,

Stratigraphic
Faulted
anticline
Faulted
anticline
Faulted
anticline
Faulted

monocline
Faulted

monocline
Fault Mock
Stratigraphic

—
—
—
_
—

Stratigraphic
—
—

Stratigraphic

Faulted
monocline

_
Fault Mock
Stratigraphic

Cumulative 
production 

(asof 12-31-87)

MMB TCP
680 —

568 —

30 —

— 0.6

338 —

459 —

108 —

495 ~
338 —

— —
539 —

— —
— —

630 —

463 —

555 —

-- 5.0

— nil

10,360 —

6264 —

3462 —

2140 —

505 —

489 —

729 —

122 —

777 —

1095 —

857 —

637 —

390 —

469 ~

424 —

384 —
20 —
— —
— —

267 —
169 —
_ _

760 —

1 —
8 —

— —

114 —
_ _

g —
— 0.3

Estimated 
ultimate 
recovery

MMB
816

842

500
—

500

520

1000

1350
743
—

592
—
—

850

600

700
—

—

15,050

9367

5220

2850

1239

515

2471

2058

1702

1594

1042

686

697

648

606

525
11,183

4557
4176
1453
946
913
885

854
763
602

600

567
529
—

TCP
530

79
—

12
—

—

—

—
—

3
—

3
8

—

—

—

7

3
—

._

—

—

—

—

—

—

—

.«

—

—

—

—

—

—
—
—
—
—
...
—
—

—
—
—

—

—
—

5
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Table 11.——Major oil and gas fields (estimated ultimate recovery of more than 100 MMB and (or) 600 BCF)

Tabla 11.——Campos may ores de petrdleo y gas (recuperacidn final estimadas mas de 100 millones de bar riles y (o)
600 billones de pies cubicos de gas) 

[ MMB, million barrels; TCF, trillion cubic feet; not, data not available; —, no data. See figures S and 6 for location of selected basins and fields]

Major reservoir

Field Name
Cannancito

Aguarague
Campo Dura*n
Madrejones
Ramos
Barrancas

Vizcacheras

Tupungato
Group 

Sierra Barrrosa

Centenario

Rio Neuquen

Lmdero
Atravesado

Puesto
Hemlndez

Medanito

CharcoBayo

EITrebol
Tordillo
Pampa Castillo
Drag6n Group
VaUeHermoso
KoluelKaike
San Sebastian
CarL Alfa Group
Condor
RioGrande
UVertiente

VuettaGrande
Colpa

Caranda

Poseskta
Spiteful
Provincia

VeMsquez

LagoAgrio
Auca
Cononaco

Libertador
Ancfki Group
CapahuariSur
PenfiaNegra

Corrientes
Teak

Forest Reserve

Samaan

Poui

PaloSeco
Trintopec

PaloSeco
Trintoc

Coon Quarry

Guayaguavare

Mara

Lago

Motatan
La Conception

Country
Argentina

Argentina
Argentina
Argentina
Argentina
Argentina

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina

Bolivia
Bolivia

Bolivia
Bolivia

Bolivia

Chile
Chile

Colombia

Colombia

Ecuador
Ecuador
Ecuador

Ecuador
Ecuador

Peru
Peru

Peru
Trinidad/
Tobago
Trinidad/
Tobago
Trinidad/
Tobago
Trinidad/
Tobago

Trinidad/
Tobago
Trinidad/
Tobago

Trinidad/
Tobago

Trinidad/
Tobago

Venezuela

Venezuela

Venezuela
Venezuela

Yew 
Basin discovered Age
Orito

Tarija
Tarija
Tarija
Tarij.
Cuyo

Cuyo

Cuyo

Neuquen

Neuquen

Neuquen

Neuquen

Neuquen

Neuquen

Neuquen

Sanlorge
Sanlorge
Sanlorge
Sanlorge
SanJorge
Sanlorge

Magallanes
Magallanes
Magallanes
Santa Cruz
Santa Cruz

Santa Cruz
Santa Cruz

Santa Cruz

Magallanes
Magallanes

Mid
Magdaleoa

Mid
Magdafena

Oriente
Oriente
Oriente

Oriente
Progreso
Maraffdn
Coastal

Marafion
S.E. Coast

Southern

S.E. Coast

S.E. Coast

Southern

Southern

Southern

Southern

Occidental

Occidental

Occidental
Occidental

1969

1927
1951
1953
1979
1939

1963

1934

1957

1977

1971

1971

1968

1959

1967

1933
1935
1949
1958
1959
1957
1966
1972
1966
1965
1977

1978
1961

1960

1960
1977
1962

1946

1967
1970
1972

1980
1913
1973
1960

1971
1971

1913

1971

1974

1926

1929

1920

1902

1945

1958

1952
1925

Cretaceous/
Tertiary

Paleozoic
Paleozoic
Paleozoic
Paleozoic
Triassic/

Cretaceous
Cretaceous/

Tertiary
Triassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Jurassic/

Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Paleozoic
Paleozoic-
Cretaceous
Cretaceous
Paleozoic-
Cretaceous
Paleozoic-
Cretaceous
Cretaceous
Cretaceous
Cretaceous-

Tertiary
Cretaceous-

Tertiary
Cretaceous
Cretaceous
Cretaceous

Cretaceous
Tertiary

Cretaceous
Cretaceous-

Tertiary
Cretaceous

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Cretaceous/
Tertiary

Cretaceous/
Tertiary
Tertiary

Cretaceous/
Tertiary

Limdogy
Limestone

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Sandstone
Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone
Sandstone
Sandstone
Sandstone

Sandstone
Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone/
Limestone
Sandstone/
Limestone
Sandstone
Sandstone/
Limestone

depth (Ft)
12,000

11,000
10,800
13,100
12,600
6500

7000

6600

6900

8400

6600-8900

9500

3900

3900

7200

7000
7000
6000
6500
7000
8100
6000
6100
6000

1600-2900
2000-3200

2000-2600
1600-2800

1400-2000

5600
6300
8000

7500

9800
8700-9800

9700-
10,200
9000
4000

13,000
3000-8500

12,000
15,200

11.000

11,800

11,650

12,700

12,700

14,000

10,750

5250

11,450

4130
8000

Type of trap
Anticline

Anticline
Anticline
Anticline
Anticline
Anticline

Anticline

Anticline

Anticline

Faulted
anticline
Anticline

Faulted
anticline
Anticline

Stratigraphic

Stratigraphic

Fault blocks
Fault blocks
Fault blocks
Fault blocks
Fault blocks
Fault blocks

Anticline
Anticline
Anticline
Anticline
Anticline

Anticline
Anticline

Anticline

Anticline
Anticline
Anticline

Anticline

Anticline
Anticline
Anticline

Anticline
Anticline
Anticline
Anticline

Anticline
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Stratigraphic,

structural
Fault block

Fault block

Anticune
Anticline

Cumulative 
production 

(as of 12-31-87)

MMB
61

23
53
27

5
179

252

101

11

45

43

15

121

126

96

72
70
56

250
190

57
14
51
29
60
4

2
18

54

5
41

156

165

107
65
21

49
116
129
104

87
228

259

174

150

117

91

93

86

406

228

72
136

TCF
...

...
0.9
5.5
0.1
—

...

...

0.3

0.4

0.4

0.4

...

...

...

—
—
—
—
—
—
0.5
0.3
1.0
—
—

—
...

...

0.6
...
...

...

—
—
—

—
—
—
—

—
—

—

—

—

...

...

...

—

...

...

...

...

Estimated 
ultimate 
recovery

MMB
64

138
55
27
26

220

310

114

19

69

62

24

190

140

146

100
115
100
278
263
100
25
81
37
73

161

52
22

68

40
243
n.a.

n.a.

298
198
100

174
122
144
152

170
3521

2751

2501

2401

1501

no1
101 1
1001

464

396

290
176

TCF
0.3

2.4
1.3
0.6
1.4
—

—

...

0.6

0.8

1.0

1.0

...

...

...

—
—
—
—
...
...
1.5
0.4
1.3
1.4
—

1.6
0.7

0.3

1.6
—
—

...

—
—
—

—
—
—
—

—
—

—

—

—

...

...

...

—

—

—

—
—
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Table 11.——Major oil and gas fields (estimated ultimate recovery of more than 100 MMB and (or) 600 BCF)——Continued
Tabla 11.——Campos may ores de petrdleo y gas (recuperacidn final estimadas mas de 100 millones de barriles y (o)

600 billones de pies cubicos de gas) 
[ MMB, million barrels; TCP, trillion cubic feet; n.a., data not available; —, no data. See figures 5 and 6 for location of selected basins and fields]

Major reservoir

Field Name
LasCruces

Alturitas
Chimire

Dackta

SanJoaqufn

Pildn
Yopaks

Nipa

Aguasay

Temblador

EIRoble

Nardo

M.A.

Santa Ana

Limdn

Zapatos
Jusepin
Oscurote

Solo

Santa Barbara

Orocual
Elotes
Mapire

Trico

San Felix
Zbrro

G.M.4
Guario

LaCeibita

Lido

Zumo

Pedemales

Boca

GQico

Budare
Oveja
Oritupano

Miga
Ostra
Sinco

Guafita

Silvestre

PaezMingo

OFFSHORE GAS
Patao
Dragon
Mejiltones

Country
Venezuela

Venezuela
Venezuela

Venezuela

Venezuela

Venezuela
Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela
Venezuela
Venezuela

Venezuela

Venezuela

Venezuela
Venezuela
Venezuela

Venezuela

Venezuela
Venezuela

Venezuela
Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela
Venezuela
Venezuela

Venezuela
Venezuela
Venezuela

Venezuela

Venezuela

Venezuela

Venezuela
Venezuela
Venezuela

Basin
Occidental

Occidental
Oriental

Oriental

Oriental

Oriental
Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental
Oriental
Oriental

Oriental

Oriental

Oriental
Oriental
Oriental

Oriental

Orinoco
Oriental

Oriental
Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental

Oriental
Orinoco
Orinoco

Orinoco
Orinoco
Barinas/
Apure

Barinas/
Apure

Barinas/
Apure

Barinas/
Apure

Cartipano
Carupano
Caropano

Year 
discovered

1916

1950
1948

1950

1939

1937
1943

1945

1955

1936

1939

1954
...

1936

1954

1955
1938
1952

1949

1941

1933
1954
1949

1941

—
1953

1946
1939

1953

1954

1954

1933

1951

1944

1959
1942
1950

1957
1943
1953

1984

1948

1963

1979
1980
1980

Age
Cretaceous/

Tertiary
Tertiary
Tertiary

Tertiary

Tertiary

Tertiary
Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary
Tertiary
Tertiary

Tertiary

Tertiary

Tertiary
Tertiary
Tertiary

Tertiary

Tertiary
Tertiary

Tertiary
Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary
Tertiary
Tertiary

Tertiary
Tertiary

Cretaceous/
Tertiary
Tertiary

Cretaceous

—

Tertiary
Tertiary
Tertiary

Lithology
Sandstone

Sandstone
Sandstone

Sandstone

Sandstone

Sandstone
Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone

Sandstone
Sandstone

Sandstone
Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone

Sandstone
Sandstone
Sandstone/
limestone
Sandstone

Sandstone/
limestone

Sandstone/
limestone

Sandstone
Sandstone
Sandstone

dSSrt?)
8000

—
6000-7200

6600

8700

—
4300

9900

8100-
13,400
3900

7100

9900

—

9400

9800

11.500
7000
9000

7750

6500

5500
—

11,800

6900

—
9000

—
8800

12,000

9800

12,500

5100

8700

7800

—
—

8800

—
—

9100

—

8850

—

4000
3500
3500

Type of trap
Anticline

Anticline
Faulted

monocline
Faulted

monocline
Faulted
anticline

Stratigraphic
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted
anticline
Faulted

monocline
—

Stratigraphic
Faulted

monocline
Faulted

monocline
Faulted

monocline
Syncline

—
Faulted

monocline
Faulted

monocline
—

Faulted
monocline

—
Faulted
anticline
Faulted

monocline
Faulted

monocline
Faulted

monocline
Faulted
anticline
Faulted

monocline
Faulted

monocline
—
—

Faulted
monocline

—
—

Faulted
monocline

Faulted block

Faulted dome
—

Stratigraphic
Stratigraphic
Stratigraphic

Cumulative Estimated 
production ultimate 

(as of 12-31-87) recovery

MMB
116

1
352

223

101

150
127

206

107

109

37

136

no
120

116

180
196
144

97

171

29
85

104

100

1
77

67
49

78

63

77

59

77

88

66
224
150

113
70

264

12

141

52

_.
—
—

TCP MMB
137

127
411

355

354

353
343

287

286

270

261

259

257

233

233

233
226
217

198

189

187
161
155

155

153
148

141
133

123

122

118

113

106

101

100
300
234

186
125
359

208

182

136

_.
—
_.

TCP
—

—
—

...

—

—
—

...

—

—

...

...

—

—

—

—
—
—

...

...

—
—
—

...

—
—

—
—

—

—

—

...

...

...

—
—
—

—
—
—

—

—

—

1.5
1.1
0.7

1 Estimated ultimate recovery (EUR) are roughly estimated.
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Table 12.—Drilling activity by country for 1987 
Tabla 12.—Actividad perforatorio por pais en 1987

Number of wells
Country

Argentina 
Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Trinidad/Tobago 
Venezuela

Total

Producing 
in 1987
9,477 

275 
336 

2,913 
899 

3,531 
3,186 

10,914
31,531

Total Rigs active 
drilled in 1987
33,730 

357 
1,353 
2,438 

998 
8,218 

13,530 
31,115
91,739

60 
6 
7 

19 
8 

12 
16 
19

147

Well completions during 1987
Total 
wells

968 
20 

104 
152 
27 

152 
142 
173

1,738

Total 
wildcats

97 
5 

35 
66 
7 

13 
8 

21
252

Total Wildcat 
producers producers

837 
14 
59 

101 
23 

138 
77 

138
1,387

28 
2 
9 

27 
3 
8 
4 

13
94

Source: Argentine Petroleum Institute; DeGolyer and MacNaughton, (1988); and 
International Petroleum Encyclopedia (1988); AAPG.

Table 13.——Summarized American Society for Testing Materials (A.S.TM.) 
classification of coals by rank

Tabla 13.—Clasificacion de carbonespor rango de acuerdo a la Sociedad 
Norteamericana para Pruebas y Materiales (A.S.TM.)

[BTU/lb, British thermal units per pound]

Fixed carbon*(%) Volatile matter*(%) Calorific value *(BTU/lb)
Class Group Equal or 

greater than
Anthracite 86
Bituminous

Low volatile 78
Medium volatile 69
High volatile

Subbituminous
Lignitic

Less than

-

86
78
69
-
-

Greater than

.

14
22
31
-
-

Equal or Equal or 
less than greater than

14

22
31

10,500
8,300
6,300

Less than

-

-
-

14,000
11,500
8,300

*Dry, Mineral-Matter Free Basis (Latour and Chrismas, 1970)
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Table 14.—List of selected deposits in the coal supplement map (refer to figures 13 and 14)
Tabla 14.—Lista de depdsitos destacados en el mapa suplementario de carb6n

[A.S.T.M., American Society for Testing Materials; BTU, British thermal unit; --, no data]
Country

Argentina
(Figure 14)

Bolivia
(Figure 14)

Bolivia

Chile
(Figure 14)

Colombia
(Figure 13)

Costa Rica
(Figure 13)

Ecuador
(Figure 13)

El Salvador
(Figure 13)

Deposit name

RfoTambilios
LaNegra
LaDelfkia
Rickard
Santa Maxima/
HSatoto

Cervantes
Burgos
I. Newbery
PkoQuemado
Indio
Santa Ana
Lepa
LaCriolla
CaboCurioso
RfoCoyle
Rfo Santa Cruz
RfoTurbio

TierrodelFuego

Beu-Buenaventura
Ulla-UUa
Copacabana/L Sol
Chacaltaya/

Chuquiaguillo
Guaqui/Azafranal/
Atchiri/Gbrocoro

Monte Blanco
Tacagua/ElAto
ApDlampa/

SanPedro
Cochabamba/
Sacaba

Chcchoca/
Totora

Uncio
Ticucha
Tarija/Padcaya/
Tariquia

Concepci6n
Lota-Schwager
Arauco
VakUvia

Llanguihue
Pto. Natales

RfoRuebens

SenoSkyring

IslaRiesco

Pen. Brunswick

HCerrcj6n
LaJagua
Norte Santander

Cundinamaica/
Boyaci

Alto S. Jorge
Antioquia

VaUedelCauca

1
2
3
5
6
8
9

Pinchincha
Azogues/Biblian

Loja
Malacatos
Napo (Oriente)

1
2
6
7
15

Age

Carboniferous
Carboniferous
Carboniferous

Rhaeuc
Carboniferous

Liassic
Callovian 
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary

Pliocene-
Pleistocene

Permian
Quaternary

Permian
Quaternary

Miocene

Quaternary
—

Permian

PUocene-
Quatemary
Quaternary

Quaternary
Tertiary

Miocene-
Quaternary

Eocene
Eocene
Eocene
Miocene

Miocene
Oligocene-
Miocene

Oligocene-
Miocene

Oligocene- 
Miocene

Oligocene-
Miocene

Oligocene-
Miocene

Paleocene
Paleocene-Eocene

Maastrichtian-
Eocene

Maastricfatian-
Paleocene
Oligocene
Oligocene-
Miocene

Pateocene-
Oligocene
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary

Quaternary
Maastrichtian-

Eocene
Oligocene
Miocene

Neocomian
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary

Rank of coal
A.S.T.M.
Bituminous
Bituminous
Bituminous
Bituminous
Bituminous

Anlhracitic
Bituminous 
Bituminous
Bituminous

Subbituminous
Subbituminous
Subbituminous

Bituminous
Subbituminous

Lignitic
Lignitk:

Bituminous-
subbituminous

Peat

AnmnciBC
Peat

Anlhracitic
Peat

Lignitic

Peat
Lignitic

Anlhracitic

Lignitic

Peat

Peat
Lignitic
Lignitic

Bituminous
Bituminous
Bituminous

Subbituminous-
lignitic

Subbituminous
Subbituminous

Subbituminous

Subbituminous

Subbituminous

Subbituminous

Bituminous
Bituminous
Bituminous

Bituminous

Bituminous
Bituminous

Anmntitic-
bituminous

Lignitic
Lignitic

Bituminous
Subbituminous
Subbituminous
Subbituminous
Subbituminous

Peat
Lignitic-

subbituminous
Subbituminous
Subbituminous

Lignitic
Lignitic
Lignitic
Lignkic
Lignitic
Lfcnitic

Number 
of beds

1
1
3
6
2

2
1
2
4
2
2
2
2
3
3
-
5

1

1
1
1
1

—

1
—
1

—

1

1
—
3

3
3
3
—

_
5

3

2

3

5

15
5

4-9

1-7

6
8

7-10

—
Several

—
—

Several
Several
Several

1
5

6
4
8
—
—
—
—
~

Calorific value

10,800
10.330
9,800
9,150
7,200

11,500
10,620 
12,000
10,990
7.300
8,825
10,467
10,590

—
—

3,600
10,300

6,840

—
—
—

5,380

—
5,400

—

4,300

—

—
—

7,500-11,700

13,500
13.500
14.000
8,626

8.000
10,320

—

—

8,750-9,940

6,940-8.730

13,500
11,500-13,600

6,000+

12,000-15,000

5,100-6,300
5.000-6,300

11,260-15,000

—
—
—
—
—
—
—

6,000
3,800-7,900

7,000-9,360
8,100

—
—
—
—
—
—

Size1

Small
Small
Small
Small
Small

Small
Small 
Small
Small
Small
Small
Small
Small
Small
Large
Large
Large

Medium

Small
Small

Medium
Small

Small

Small
Small
Small

Small

Small

Small
Small
Small

Large
Large
Large
Small

Small
Medium

Large

Large

Large

Large

Large
Large
Small

Large

Large
Large

Large

Small
Medium
Small

Medium
Medium

Small
Medium
Small
Small

Small
Small
Small
Small
Small
Small
Small
Small

Sulphur 
(Wt%)-T4T"
0.57
1.48
5.60
—

3.00

:::
0.50
0.30
—

0.60
—
—
—
—

1.00
—

1.3 - 4.8
—
—
—

—

—
—
—

4.20

—

...
—

1.00

2.00
1.75
2.50
0.50

0.50
0.50

0.60

0.50

0.40

1.30

1.00
1.00
1.00

1.00

0.4 - 1.0
1.00

1.0 - 6.0

—
<3.00
<2.00

—
—

<3.00
<3.00

—
6.00

7.0 - 8.0
8.00
—
—
—
—
—
—

Ash
flKft>26.0
28.6
28.0
31.8
45.0

25.9
20.4 
21.7
23.0
33.4
16.6
24.2
17.7
45.0
...
—
0.1

—

30-50
—
—
—

—

—
...
—

30.1

—

...

...
7.0 - 34.0

4.0
1.7 - 3.4

3.4
21.0

15.0
17.0

11.0

10.0

10.0

13.0

1.7 - 5.0
1.0 - 5.0
2.0 - 7.0

3.0 - 5.0

1.3 - 6.0
1.3 - 6.0

4.0 - 24.0

>15.0
>15.0
>15.0

—
—

>15.0
>15.0

—
21.0

9.0 - 30.0
15.0
—

>15.0
—
—
—

>15.0
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Table 14.——List of selected deposits in the coal supplement map (refer to figures 13 and 14)——Continued
Tabla 14.—Lista de depdsitos destacados en el mapa suplementario de carbdn

[A.S.T.M., American Society for Testing Materials; BTU, British thermal unit; —, no data]

Country

Guatemala
(Figure 13)

Honduras
(Figure 13)

Nicaragua
(Figure 13)

Panama
(Figure 13)

Peru
(Figure 13)

Peru

(Figure 14)

Venezuela
(Figure 13)

Deposit name

1
2
4
5
6
8

14
18
19
22
26
27
1

2
3

4
5
8
9

10
11
12
1
2
3
4
5
6
7
1
2
3
5
8
10
12
13
14
15

Tumbes
Pebas Chambara
Yanacancha
Pifiata/Tuco
Cupisnique
AltoChicama
Conchucos
Tarica/Shivas
Santa
Buenaventura/Caraz
San Marcos/Huari
Huallanca
Goyllarisquizga
Oyon/Checras

latunhuasi

Changos Alto
Murco/Sumbay

Cammas

Zulia/Guasare
Tachira
Falcon
Parapara/Ortiz
Taguay

Altagracia

FUaMaestra
Niricual
SurPanaguan
Anzo&egui/Monagas
Piacoa

Age

Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary

Triassic- Jurassic

Triassic- Jurassic
Triassic- Jurassic

Triassic- Jurassic
Triassic- Jurassic
Triassic- Jurassic

Tertiary

Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary

Up. Tertiary
Up. Tertiary

Up. Cretaceous
L. Cretaceous
L. Cretaceous
L. Cretaceous
L Cretaceous
L. Cretaceous
L. Cretaceous
L. Cretaceous
L. Cretaceous
L Cretaceous
L. Cretaceous
Up. Jurassic-
L. Cretaceous
L. Cretaceous

L. Cretaceous
Up. Jurassk-
L. Cretaceous
Up. Jurassic-
L. Cretaceous

Pateocene
Eocene
Miocene
Miocene

Oligocene-
Miocene

Oligocene-
Miocene

Eocene-Oligocene
Eocene-Oligocene

Quaternary
Quaternary
Quaternary

Rank of coal 
A.S.T.M.

Lignitic
Lignite
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic

Subbituminous-
bituminous

Subbituminous
Subbituminous-

bituminous
Subbituminous
Subbituminous
Subbituminous
Subbituminous-

bituminous
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic
Lignitic

Bituminous
Anthracitic
Anthracitic
Anthracitic
Amhracitic
Anlhracitic
Anthracitic
Anthracitic
Anthracitic
Anthracitic
Bituminous
Anlhracitic-
bituminous

Subbituminous-
bituminous

Subbituminous
Bituminous

Bituminous-
Anmracitic
Bituminous
Bituminous

Lignitic
Subbituminous

Bituminous

Bituminous

Bituminous
Bituminous

Peat
Peat
Peat

Number 
of beds

—
—
—
—
—
—
—
—
—
—
—
—
5

3
—

Several
1
4
1

—
—
—
—
—
—
—
—
—
—
—
—
—
3
3
3
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
6
—

2(6)

—
—

—

20
3
—
—
—

—

Several
Several

1
1
1

Calorific value 
(BTU/!b)

—
—
—
—
—
—
—
—
—
—
—
—
—

—
—

—
—
—
...

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

Low
Low
—
—
—
—
—
—
—
—
—
—
...
—

...

—
—

...

—
—
—
—
—

—

—
—
—
—
...

Size1

Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small

—

Small
Small

Small
Small
Small
Small

Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Small
Large

—
Small

Medium
Small
Large
Small
Small
Large
Small
Small
Small
Small
Large

Medium

—
Small

Small

Large
Large

Medium
—

Medium

Medium

Medium
Medium

—
—
—

Sulphur 
(Wt%)
<3.00

—
—

>3.00
<3.00

—
—
—
—
—
—
—
—

<3.00
<1.00

<3.00
<1.00
<3.00

...

—
—
—
—
—
—
—
—
—
—
—
—
—

<1.00
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

12.10
1.20

5.10

—
—

...

—
—
—
—
—

—

—
—
—
—
—

Ash 
(Wt%)
>15.0

—
—

>15.0
>15.0

—
—
—

>8.0
—
—

>15.0
—

>15.0
>15.0

>15.0
>15.0
>15.0

...

—
—
—
—
—
—
—
—
—
—
—
—
—

>8.0
>15.0

—
—
—
—
—

High
—
—
—
—
—
—
—
—
—
—
—

54.0
16.0

42.3

—
—

...

—
—
—
—
—

—

—
—
—
—
—

1Small: less than 10 x 106 metric tons; medium: less than 100 x 106 metric tons; large: more than 100 x 106 metric tons.
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Table 15.——Coal reserves of the Southeast Quadrant in million metric tons
Tabla 15.—Reservas de carbdn del Cuadrante Sureste en millones de toneladas

m&tricas
[—, no data]

Bituminous coal 
and anthracite

Country

Argentina
Bolivia

Chile
Colombia
Costa Rica
Ecuador
Guatemala
Honduras
Panamd
Peru
Venezuela 

Total

Proven

4
3
79

3,892
—

—
—
—
—

29
509

4,516

Additional 
resources

—

11
186

14,917
—

—
—
—
—

884
8,660

24,658

Subbituminous coal 
and lignite

Proven

581
—

4,500

48
2
18
1

21
1

1
_

5,173

Additional 
resources

7,350
—

4,000
790
4
32
1
1
17

100
—

12,295

Peat

In place Recoverable

90 80
10 10

— —

— —
_ _

9 9

— —
— —
— —
— —
— —

109 99

Sources: United Nations, (1987); and Conn D., H., (1985).

Table 16.——Yearly coal production in the Southeast Quadrant in 
thousand metric tons

Tabla 16.—Produccidn anual de carbdn en el Cuadrante Sudeste en 
miles de toneladas mttricas

Country

Argentina
Chile

Colombia

Peru
Venezuela

Total

1984

509
1,184

6,637

105
51

8,486

1985

400
1,291

8,974
125
41

10,831

1986

365
1,633

10,800
150
57

13,005

1987

373
1,562

14,594

150
62

16,741

Source: United Nations, (1987).
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Table 17.——Major geothermal sites by country {refer to figures 15 and 16) 
Tabla 17.——Principals compos geotlrmicos porpais (verfiguras 15 y 16)

Country Locality Temperature (Cr) Type
Argentina Tuzgle Volcano (geothermal project) 68°
(Figure 16) Tocomar 57°, max.

Banos de Pompeya (resort) 57°, max.
Socompa Volcano 68°?
Termas de Reyes (resort) 40°-90°
AguaCalienle 76°
Santa Barbara (El Ramal) 46°-90°
Rosario de la Frontera (resort) 62°-90°
Ceibal (Candelaria) 52°-80°
Villavil (resort) 55°-64°
Rio Hondo (geothermal project and resort) 48°-90°
Fiambala 54°-58°
Rio Blanco area 50° 
Dumuyo (geothermal project):
LaBramadora 92°
HHumazo 98°
Los Tachos 94°

Copahue (670 KW geothermal plant and resort) 93°-138° (max.
	238° at 930m)

Viticola (artesian wells) 55°
Bahfa Blanca (artesian wells) 55°-70°
Argerich (artesian wells) 64°
Colluco-Epulauquen 60°

Bolivia Putina (Ulla-Ulla) 72°
(Figure 16) Charazani 

Chuma
Malilde 65° 
Urmiri (resort) 
Choquetanga 
Kami-Ayopaya (resort) 
Colcha (resort) 
Pomarapa Volcano
Obrajes (resort) 71°
Capachos (resort) 45°
Pazna-Urmiri (resort) 55° 
Challapata 
Mulatos 
Caiza (resort)
Caiti-Empexa (resort) 74°
Pulacayo 59°-80°
Olca(SalardelaLaguna) 74°

Chile Aguas Calientes 86°?
(Figure 16) Suriri (50 MW geolhermal project) 60t>-80°

Chinchillani 86°?
Enquelca 86°?
Puchuldiza (geothermal project) 180°-250°
Chusmiza more than 60°
Mamina more than 60°
Pica more than 60°
Majada more than 60°
Ojos de Ascotan more than 60°
H Tatio (100 MW geothermal project) 160°-265°
Tuyajto more than 60°
Banos Morales (resort) 68°
Salinas del Maipo more than 60°
Los Banitos (resort) 66°-70°
Banos San Fernando (resort) 70°-96°
San Pedro more than 60°
Planchdn-Peteroa (resort) 60°
Mondaca more than 60°
Campanario Volcano more than 60°
Banos de Longavi (resort) 66°-71 °
Chilian Volcano more than 60°
Pemehue more than 60°
Tolhuaca 90°
Manzanar more than 60°
Rio Blanco 90°
Aqua de la Vaca more than 60°
Mmetue more than 60°
SanLuis more than 60°
Palguin more than 60°
Banos de Puyehue (resort) 55°-70°
Aguas Calientes 50°-75°
Banos de Petrohue (resort) 60°
Llauhuari more than 60°
Sotomo more than 60°
Termas Llancahue (resort) 58°

Colombia Ruiz Volcano (geothermal project) 50°-90°
(Figure 15) Tolima Volcano more than 60°

Santa Rosa Cabal 54°-72°
Caqueza 65°
Puarace 50°-86°
Paslo Volcano (geothermal project) max. 102°
Tuquerres Volcano (geothermal project) 70°

thermal and hot springs 
thermal springs 
thermal springs 
hot water springs 
hot springs 
hot springs 
hot springs 
hot springs 
hot springs 
thermal springs 
hot springs 
thermal springs 
thermal springs

hot springs and fumaroles 
hot springs and fumaroles 
hot springs and fumaroles 
hot springs and fumaroles

thermal spring
hot springs
thermal spring
thermal springs
hot springs
hot springs
hot springs
thermal springs
thermal springs
thermal springs
thermal springs
thermal springs
strong hot springs
hot springs
thermal springs
thermal springs
"NaCl" hot springs
low thermal CCfe springs
strong sulphuric hot springs
hot springs
thermal and boiling springs
hot springs, fumaroles
hot springs
hot springs
hot springs
hot springs
hot springs
hot spring
hot spring
hot spring
hot spring
hot spring
hot spring and fumaroles
hot spring
hot spring
hot spring
hot springs
hot springs, fumaroles
hot springs
multiple hot springs
hot springs
hot springs
thermal spring
thermal springs
hot springs
hot spring
thermal springs
hot springs
thermal springs
hot springs
hot springs
thermal springs
thermal, hot springs, and fumaroles
hot springs
thermal springs
thermal springs
thermal springs
thermal spring
thermal and hot springs
hot springs
thermal and hot springs
thermal springs
thermal and hot springs
hot spring, fumaroles
hot spring
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Table 17.——Major geothermal sites by country (refer to figures 15 and 16)——Continued 
Tabla 17.——Principals compos geotlrmicos por pais (verfiguras 15 y 16)

Country
Costa Rica
(Figure 15)

Ecuador
(Figure 15)

El Salvador
(Figure 15)

Guatemala
(Figure 15)

Honduras
(Figure 15)
Nicaragua
(Figure 15)

Panama
(Figure 15)

Peru
(Figure 15)

Venezuela
(Figure 15)

Locality
Miravalles (50 MW geothermal project)
Pena Blanca
Agua Caliente de la Trinchera
Poas Volcano
Irazu Volcano
Ojo de Agua-Turrubures ( resort)
Paso Alumbre (resort)
San Cristobal (resort)
Jurquin River area
Tulfino
Guagua-Pichincha Volcano
Apuela
Agua Santa (resort)
Cicada
Pungola
Banos Cuenca (resort)
Portovelo
Aguas Calientes (resort)
Hervidero H Obrajuelo
Ahuachapan ChipUapa (geothermal plant)
Hervidero Carolina
Chinameca (geothermal project)
Berlin (geothermal project)
San Vicente (geothermal project)
Santa Rosa de Lima (resort)
Jacotal
Olomega
Conchagua
Zunil (15 MW geothermal plant)
Zunil, Fuentes Georginas (resort)
Atitlan Agua Caliente
La Canoa (resort)
Amatitlan (south shore)
Moyuta Volcano
Northern area
Choluteca area
Viejo Volcano
Chichigalpa Volcano
San Jacinto-Tizate
Momotombo (35 MW geothermal plant)
Titipata
Omotepe Conception
Chiriqui Volcano
Pando
Agua Salud (resort)
Coibajo
Quillate
Cajamarca (Inca bathing resort)
Qiuquillanqui
Huaranchai (Pampa spring)
Cachicadari
Tablachaca
Minabamba
Pomabamba
Mancos
Chancos
Tauripampa
Banos
Andajes-Churin (resort)
RioPerene'
San Jos6 de Banos (resort)
Tingo de Huacho
Banos del Sr. Cura (resort)
Colpani
Marcapata
OUaechea
Quilcata
Puqufo (resort)
Quisicollo
Huayana-Putina
Carumas Geyser Valley
Ulican-Sancos
Calacoa
Ticaco
Caliente (resort) 
Pilar-Casanay area (geothermal project)
Golfo Cariaco area
Carupano area (resort)
Barcelona-Cumana (geothermal project)
Las Trincheras
Termales Merida (resort)
Urena

Temperature (C°)
more than 60°
more than 60°"warm"

58°-100°
-

"warm"
60°-66°
66°-68°
46°-70°

50°
50"
52°
54°
.

50°
87°

-
-

72°-82°
70°-237°

100°
-
.

99P
89°
-
-
.

max. 287°55°-65°
47°-500

-
60°-98°

150°
.
-

91°
.
.

max. 230°
-
.
.

72°
42°-72°

52°
more than 50°

-
more than 50°75°

71°
53°

60°-80°
more than 50°

50?
70°-75°

more than 50°56°-61°
50°-55°

.

.
58°

more than 50°59°
60°-70°
66°-69°

more than 50°
more than 50°55°-62°

80°
-

more than 50°
more than 180°69"

-

-
-
-

90°-97°
.
-

Type
hot spring, solfatares
hot springs
thermal springs
hot springs and fumaroles
hot springs, solfatares, and fumaroles
hot springs
thermal saline springs
thermal springs
thermal and hot springs
thermal spring
thermal springs
thermal springs
thermal springs
thermal and hot springs
thermal spring
hot spring
thermal and hot springs
thermal and hot springs
hot springs
hot springs, fumaroles
hot spring, geyser, fumaroles
hot springs, fumaroles
hot springs, fumaroles
boiling springs, fumaroles
hot springs
hot springs
hot springs, fumaroles
hot springs
boiling water, hot springs
thermal springs
hot springs, fumaroles
hot springs
hot springs, fumaroles
boiling springs
thermal and hot springs
several hot springs
hot springs, fumaroles
fumaroles, and solfataras
boiling mud vents and springs
fumaroles, and solfataras
boiling springs, sulphur deposits
fumaroles, and solfataras
fumaroles and hot springs
hot springs
several thermal springs
thermal spring
hot springs
hot springs, fumaroles
thermal springs
hot springs
hot springs
thermal and hot springs
hot springs
thermal springs
thermal springs
hot springs
thermal springs
hot springs
hot springs
.
hot springs
thermal springs
thermal springs
thermal springs
thermal springs
hot springs
thermal springs
thermal springs
thermal springs
hot springs
geysers, boiling springs, fumaroles
thermal springs
hot water reservoir
hot water
"boiling" springs, fumaroles 
hot springs
thermal springs
hot springs, solfataras
hot springs
hot springs
thermal springs
thermal springs
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